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PREFACE. 


The volume to which this is a supplement contains a course 
of experimental work in mensuration, hydrostatics, mechanics, 
and heat, suitable for first year students in Schools of Science 
and other institutions in which practical physics finds a place 
in the curriculum. The only parts of the science of heat 
included in the first volume are the construction and use of 
thermometers, thermal conduction, and radiation. These 
sections are here repeated in order to complete the series 
of experiments in heat. In addition this book contains 
instructions for laboratory work in light, sound, magnetism,, 
and electricity, such as may be carried out by second year 
pupils. The two parts thus provide an elementary course of 
practical work ir* the chief branches of physical science. 

As in Part I., the characteristics to which we invite the 
attention of teachers are briefly ; 

(1) The number and variety of exercises used to exemplify 
each of the principles dealt with. 

(2) The limitation of the text to instructions for the intelligent 
performance of the experiments and the recognition of the 
significance of the results obtained. 

(3) The number of new and simple experimental devices which, 
by the courtesy of various teachers, it has been possible to 
incorporate. 

(4) The numerous illustrations showing at a glance the 
apparatus required and the method of procedure. 

Teachers of practical physics may be left to judge for 
themselves as to the value of these points. Our own ex- 



perience in teaching and cxaininmg has convinced us that 'i* 
sound knowledge of any sciemifWprinciple is only obtained 
after many experiments, designed to present it under different 
aspects, have been performed and studied. It is for this reason 
that several exercises are given under each division of the 
subject. When time permits a student ought to perform prao , 
tically all the exercises, in order to impress upon his mind the 
principles they exemplify ; he should, m fact, regard the exer- 
cises as he does the examples in his mathematical books, and 
wentjeas; many of them as he can. But where ( ertain subjects 
must be studied m the very few hotm per week allotted to 
practical physics it will be necessary foi the teacher to make a 
selection. 

The descriptive matter has been curtailed because students 
only require, in a laboratory manual, instructions to guide them 
in carrying out experimental work - they can studs the theo- 
retical aspects of, their laboratory practice bom lecture-notes 
and in text books of gcueial physics. 

We are glad of this opportunity of making many grateful 
acknowledgments- to thr teachers whose names are mentioned 
during the course of the book, for new and ingenious experi- 
ments to elucidate particular pi :m iplca : to Mr. L. M. Jones, 
B.Scc, St. iJunstan’s College, Catford, for very valuable assist- 
ance while the sheets were passing through the press,, and a 
number of useful trims and notes whi» h have enabled us Ut 
improve several parts of the course; and finally, to Mr. i I. 
E. Hadley, If Sc., and Mr. E. Edsei for reading some of tlse 
sections and giving us the benefit of their criticisms, 

R. A; G. 

A. T. S. 


LONDON, October, 1899. 
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CHAPTER. I 


THERMOMETERS, AND SIMPLE OBSERVATIONS 
WITH THEM. 


1. Construction of a Thermometer. 


(a) Obtain a piece of thermometer tubing, 
about ten inches long, and if you have 
practised glass-blowing, blow a bulb about 
\ inch in diameter at one end, If you 
Cannot do this, it will save tune to obtain 
a tube with a bulb already blown upon it. 

Jit ode of Filling the Bulb ami Tube. 

(b) Gentl} beat the bulb of the thermo- 
meter tube Ov r er a flame, and then quickly 
immerse the open end in alcohol coloured 
with cochineal 

A small quantity of the spirit enters 
the bulb to take the'fjflate of the air 
driven out by the heat. 

If your thermometer tube has not a cup 
blown at the open end, like that irwFig. I, 
connect the open end with a glass funnel 
by means of a piece of india-rubber tubing 
about an inch long. Pour into the cup or 
funnel sufficient coloured alcohol to fill the 
bulb, Hold the bulb in a flame (Fig. 2) 
until nearly all the alcohol is boiled away, 
then take away the flame. Alcohol will 
enter the bulb and stem. Repeat the 



operation until the bulb and stem are Fig. 1.— A thermo- 
filled with the liquid; then disconnect S^j£I. c<,UMe 0 0011 
P,P. II. A 



the funnel or pour the surplus alcohol out of the cup, and fey 
the instrument cool. 

Scaling’ the Tube 

(c) When the alcohol in the stern has contracted two 01 three 
inches, melt the tube neai the end m a blow pipe dame, and 



l jo a -Method o' td'mg a thermo- t ig. 1 humometer 

meter. tul s li I*v! ,mil staled 

teid\ tor graduation 


chaw it out to a nauow neck about eight inches fioin the bulb. 
Immerse the bulb and stem m hot watt 1 not boiling water 
and when the alcohol fills the tube, seal the tube quickly by 
directing a small blow-pipe flame against the narrow neck, and 
afterwards complete the sealing so as to make the end strong. 
The final result should be like one of the instruments in Fig. 3 
You have now an instrument by means of which the 



USE \>b TlUJiKMUMLi^IVO. 


state of warmth or coldness of a body can be indicated. 
When it is warmed the liquid in it rises in the tube, and 


when it is cooled (he liquid sinks, 
so that by noticing the position of 
the top of the liquid you are able 
to determine whether the thing in con- 
tact with the instrument is warm or 
cold. * Marks or graduations can be 
made upon the tube, to indicate various 
degrees of warmth, and when this has 
been done the instrument becomes a 
thermometer^ that is, an instrument for 
the determination of tnnprraiurc , or 
intensity of heat, 

2. Simple Temperature Obser 
vationa 

(/A Examine the thermometer supplied 
you (Kig. 4). Notice that it is similar to 
the instrument you have made, but is gradu- 
ated or marked m a certain manner. The 
divisions are called deyrres. 

. (if) Mold a thoimometer in your mouth 
for a, short time ; find and record the 
temperature indicated by it. Also place a 
thermometer under your arm-pit ; find and 
record the temperature there. 

•V) Let a thermometer hang fieely in the 
air for a short time, and find the tem- 
perature of the air indicated by it. Then 
place the thermometer upon your table, 
and see whether the same temperature is 
indicated. 

3. Freezing Point of Water. 



(<?) Support a funnel upon one of the 
rings: of your retort-stand, and fill it with 


4. — A thermo- 
meter with Centigrade 
graduations. 



"""" ( # , 
scraps or shavings of ice (Fig. 5). Place the theritiffaeter 

the funnel, pack shavings or scraps of ice 
around it, and notice how the mercury ' 
behaves. Observe the exact point at 
which d c mercury ceases to contract. 
The experiment shows the temperature 
at which ice melts and water freezes. 
Repeat the experiment with fresh ice 
and if possible in a part of the room 
having a distinctly different temperature. 

(b) Place some small pieces of ice in 
a beaker of cold water. Well stir the 
water with the thermometer, and ob- 
serve its temperature. ( ienlly heat the 
benker of water until the ice is melted, 
stirring all the time. Describe fully the 
changes of temperature that occur both 
before and after the ice has melted. 
You will find that the temperature will 
not rise until all the ice has melted. 

4. Boiling Point of Water. 

(a) Fit a cork, with two holes through il, into a flask or test##, 
tube (Fig. 6), Half fill the test-tube 
with water, and push the thermometer 
through one of the holes in the cork 
until the bulb is wholly immersed. Into 
the other hole, fit a piece of glass tub- 
ing bent at right-angles. Place the 
test-tube upon the retort- stand, and 
observe the division of the thermometer 
scale level with the top of the mercury. 

(iently heat tli®, water until it boils, 
noticing how the mercury is affected 
thrd^jjjhout the process. See where the 
mercury stands when the water is boil- 
ing, and find whether any difference is 
produced when the water is boiling 



Fro. fi, — Determination of 
boiling point. 




DEGREES OF TEMPERATURE, 5 


furiously, and when it is boiling gently. Raise the thermometer 
until the bulb is just above the boiling water, and observe the 
temperature which it then indicates. 

The temperature of boiling water depends upon the 
pressure of the atmosphere, and therefore varies with the 
height of the barometer, and with the altitude of the water 
above sea-level. Under the same conditions, however, 
the temperature of pure boiling water is the same. The 
standard conditions are when the water is at sea-level and 
the bm ometev stands at a height of 30 inches. The mercury 
in an accurately graduated thermometer should, if held in 
boiling water under these conditions, be at the division 100. 
or 212, according to the system of graduation used. More 
exact methods of determining the boiling point of a liquid 
are described in later Exercises. 


I foiling Point of Water 


5 . Degrees of Temperature. 

The difference of temperature between the boiling point 
and freezing point of water could be divided into any 
number of steps, 

1 jut only two 
methods of sub- 
division arc in 
general use. These 
two thermometric 
scales are the 
Centigrade scale 
and the Fahren- 
heit scale, A 
third scale, the 
R&tumur scale, is 
used for domestic 
purposes in ( «er- 
many, but is not 
employed in this 
country. The three 
scales are shown in Fig. 7. 
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KXEUPSES IN PRACTICAL PHYSICS. 

. — • - *■— — 1 ' ■ - 1 

The CcniigrojC Scale.— Here the freezing point is called 
sero t or no degrees Centigrade , written o° C. The boiling 
point is called one hundred degrees Centigrade, and is written* 
too** C. The space between these two limits is divided into 
parts, and each division c alled a degree Centigrade . 

The Fahrenheit Scale . ~ On thermometers marked in 
this way the freezing point is called thirty-two degrees 
Fahrenheit , written 32" J'\, and the boiling point two 
hundred and twelve degrees Fahrenheit, written 212° F. 
The spare between the two limits is divided into 180 parts, 
and '\ir|j division is called a degree Fahrenheit . 

The Keaumur Sidle.— The freezing point is o as on the 
Centigrade, and the Roiling point is 8o w R. 'Hie degrees 
are thus longer than on a Fahrenheit or a Centigrade ther- 
mometer c*f the -> a rue m/c. «* 

6. Conversion of Thermometric Scales. 

The interval between the boiling and freezing points, 
that is, the f»amc temperature difference, is divided into 
100 parts on the Centigrade scale and 180 parts on the 
Fahrenheit, and consequently too Oentigrad< deg ices arc 
equal to 1 80 Fahrenheit degr< t.s, which is the same as 
saying one degree Centigrade is equal to nine-fifths of a 
Fuluenheit degree, or one degree Fahrenheit is equal to 
five-ninths of a degree Centigrade. 

too" C\= i8o J F. ; 5°*C. •--</ F, ; C C.-'C F., and 

ris-f c 

In converting Fahrenheit leadings into Centigrade 
degrees, we must subtract 32 (because, of what has been 
said of the freezing point on the fonner scale) and multiply 
the numb* r thus obtained by 5 and divide by 9. To 
change from Centigrade to Fahrenheit, multiply the former 
reading by 9 and divide by 5 and add 32 to the result. 

Exam kik — W hat temperature on the Fahrenheit 
scale corresponds to 20* C.? 

Answer. 20" C. is 20 C. degs. above temperature of 
melting ice, he. 20 x j? Fahr. degs. above 32" F — (36 4 * 
32) 0 F. * 68" F. 



GRADUATION OF A THERMOMETER. 
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* When it is necessan to refer to temperatures lower than 
the ^freezing point of vater, a minus sign is placed before 
the temperature, thv\ three degrees below the freezing 
point of water on the <. mtigradc scale is written - 3 0 C. 

[a) Using this inffir oat. on. make the necessary calculations 
id hll up the follow- ig spaces* 


85° C. correspond to - 

- 

0 F. 

50“ c. 


- 

6 F. 

26° C. 


- 

0 F. 

io° (\ 


- 

0 F. 

4 U. 

» »» 


" F. 

- 5° C. 

*> 

- 

! F. 

fill up lb 

following blanks: 


< 

2 C> 0 “ F . 

orrespond to - 


0 C 

F 80 ' F 

'» V * 

- 

0 C. 

100 F. 


- 

J C. 

75 ' F 

„ ,, 

- 

0 C. 

40° r 

,, „ 

- 

0 c. 

io° F 



’’ c. 


7 . 


Graduation of an Alcohol 


Therm^teter. 


The alcohol thumometer you have constructed {flippy be 
graduated by comparison with a Centigrade thermometer. One 
wuy of doing this is to stick a strip of blank paper on the tube 
l>> means of gum, or you may cover the tube with paraffin 
uax. Plate the* thermometer m a funnel containing shavings ot 
ite and make a mark on the paper, or wax, level wirii the top of 
he alcohol iri the tube. Then plunge both the Centigrade 
Tiermometer and tin* one you wish to graduate into cold water 
n a beaker. Warm the water and watch the thermometer. 
Make marks on the paper wlf|j§ij| the coloured liquid stands as 
die thermometer leads 10”, 20°, 30", . . . and number these 
marks in the same way on the paper or wax, io°, 20°, 30°. . . . 
I ransfer these marks to the tube itself with a three-cornered 
lie, or fix the thermometer upon a strip of wood having paper 
glued upon one face, and make the degree marks upon the 
oaper. 



KXFRCISES IN TRACT CAL" PHYSICS 

8. Graphic Representation of Thermometei 

Readings 

Read your thermometer at , ►xed time evciy day, and plot 
he observations fiom d *\ d > on a diart, as >ou have learnt 
o do with barn u.u The Icgiees can be wntten 



Pu. 8 -Fodfm for recording d itly tempeiaturc oK i v it ons 

it the ends of the horizontal lines of squared pipet,and the days 
if the month can be wiitten at the top or bottom of the vertical 
tnes as m Fig 8 

9. Effects of Salts in Altering the Freezing and 
Boiling Points of Water 

Fni«tng Point 

(a) Place a few shavings of ice or pieces about the sue 
f a pea in a funnel, supported as in Pig. 5, or a bcakei 
ipunkle the ice with salt, then -add some mpte ire, and sprinkle 
gam with salt Repeat this opeiation several times, making 
he proportions of the two substances about 1 part of salt to 
parts of ice, and then stand m the mixture a thexmometer 
raduated below the freezing point of water. The temperature 
f the mixture will be found to be below o° Centigrade. Recoid 
he lowest temperature reached. 



(i>) Put a thin test tube, containing a little water, into a 
rnixtur# of ice and salt. Stand the thewmometer in the water, 
and observe that the temperature never sinks Wow o° Centi- 
grade or 3$* Fahrenheit while the water remains liquid. You 
should not, however, leave the thermometer in the water. If 
vou continue the experiment long enough, the water will freeze, 
and the ice formed will cool down towards the temperature 
of the freezing mixture of ice and salt. 

(<?) Put some salt water into the test tube instead of fresh 
water, and stand the test-tube in a mixture of fee and salt. 
You will find that the water can be cooled belovy o° C. withegit 
turning into ice. \ 

(d) Find the temperature produced when crystallised calcium 
chloride is mixed with ice. , 

\e) Mix two parts by mass of ammonium nitrate with one 
part of ammonium chloride, and dissolve the mixture in cold 
water. Observe the temperature before and after putting the 
salts in the water. 

In every case where salts are present in solution, the 
freezing point of water is lowered. Pure ice ought, there- 
fore, to be used in determining the freezing point of a 
thermometer. 

Bailing Potent, 

(/) Add a little salt to water. Put the salt water in a test- 
tube or flask, fitted as in Fig. 6, and, using a thermometer 
graduated above the boiling pcint of water, find the temperature, 
(i.) of the steam from the boiling salt solution, (ii.) of the boiling 
liquid itself. Record your results. Compare with Exercise 4 (a). 
Why was the thermometer held in the steam? Repeal the 
exercise, using calcium chloride instead of salt. 


10. Determination of Melting Point. 

{a) Draw out, in a blow-pipe flame, a piece of glass tubing so 
as to make a small thin-walled tube, about 2 or 3 indies Jong 
and about *1 inch in diameter. In this put some finely powdered 
sulphur and fix the tube to the bulb of the therrJiometer (it will 



probab 1 ; , « k 1 ' : f moistened ; if not, it may be secured with 
a platinum or an india-rubber ring). (Fig. 9.) Place the 
thermometer bulb with the lower part of 
the tube in a beaker of sulphuric acid or 
glycerine with the sealed end of the tube* 
and the bottom of the thermometer at 
the same distance above the bottom of 
the beaker. Heat gently with a small 
iiame. The sulphuric acid is kept at a 
uniform temperature by raising and 
lowering the curved stirring rod shown 
in the figure. Watch the sulphur care- 
fully, and directly you see it to be 
melting note the tempciature recorded 
by the thermometer, that is, the melting 
point of the sulphur, 

Yu:, s,. of Melting point of sulphur, tv C. 

melting pome 

(fi) Similarly find the melting point of 
beeVwtx. Cut off a, length of the small thin-walled tube and 
dip it into some melted wax. in this way the tine lube becomes 
filled with wax winch soon solidifies. Proceed as before. 

Melting point of bee’s* wax, * ‘ 

(n Melt a little paraffin wax in a beaker, and immerse the bulb 
of a thermometer in the liquid. When the thermometer is taken 
out, a thin film of liquid paraffin will be seen upon it. Let the 
bulb cool, and notice the temperature when the wax assumes 
a frosted appearance, indicating that h is solidifying. When 
the wax on the bulb has became solid plate the thermometer in 
a beaker of water and gently heat the water. Observe the 
temperature at which the wax becomes tiunsparent again. The 
mean of this result and the preceding one is the melting point 
of paraffin w ax. 

1 1 . Determination of Boiling Points, 

(a) Put a little methylated spirit in a test-tube, and gradually 
heat it in a beaker of water until it boils. Find the temperature 
of the boiling spirit and of the vapour, and record the results. 




[b) A convenient arrangement for determining the boiling 
point a liquid is shown in Fig. 10. The vapour passes up 
into the bulbs and out of the side tube, its temperature being 
shown by a thermometer, the bulb of which is adjusted just 
below this outlet. If available, use this anparatus to determine 


fcu t ' M til IltlOii 
with (Mi* loi i| detumnu 
U< n 1 ! > 'iltiiL, p mi 




I lit. n Appaidius foi 
tile accurate auerxmnation 
of boiling points 


iht boiling points of VMtct, tuipentme, milk, beer, vinegar, and 
whisky, 01 of us many of these liquids as you can obtain. 

( hi account of the ( onden&ation of vapspur upon tbe^ 
thcimometc], the method used in the preceding exercises to 
detumine boiling points is not a very accurate $nc. More 
exact determinations of the boiling point can be made by 
means of the apparatus shown in Fig. i j. A can or flask F 
is lilted with a coik, through which a glass Oi;, brass t^be 
B parses. Surrounding tlu^ tube is a 'wider tube Q fitted 
upon the inner tube by means of a piece of thick mdia-rubber 



tubing" J). At the top of the out' f tube is a cork E having 
a hole in whn h a thermometer can he fitted. When the 
water in the flask is boded. steam passes up the inner tube 
/?, and down the wkk tube C and escape* at the outlet G 
into the open air. 

(r) To use the r pi uutus, gently push the top of the stem of 
the thermomet* ■ mto the coik which fits i sr the outer tube, 
adjusting it S/ that the 100 point is just below the cork. Fit 
the cork h. Its e, boil the water, ami when steam has been 
cMiwr ' off for about a (piarter of an hour, raise the cork and 
<-v the thermometer. Repeat the observation after a few 
Canutes, and when two readings obtained at an mtenal of about 
ten minutes agree, record the observation. I he temperature 
you observe is the boiling point of water under the paiiicular 
conditions existing it the time and place of the cxpciiment. 


12. Anomalous Expansion of Water. 



Fir. 1 2. “-Apparatus far th«? 
determination of the changes of 
vohnne of water near the fleering 
print, 


(<r) Make a toil of lead or* < compo ,J 
tubing Fit an india-rubbei Moppei, 
ot a good coik, having a glass tuln 
of n.irtow bou thioitgh it, inlet one 
end of the coil. Suck boiled valet 
into the toil until it can bo seen in 
the glas^ tube abo\e the stopper, and 
tin n fit ,1 good 'topptj imo the ofhn 
end o* tie t o»l Fig. i i • 1 asten a 

•»* uit lo the gbps tub**, and tnen place 
the coil wit!) the uib< and s> ale into 
a beaker of water at the U mpe rat lire, 
of the loom, and hang a thi Milometer 
in the watoi. 

Notice the position of the surface of 
the water in the tube, and the tempera 
ture of the watei in the beaker. Add 
shavings of n e, or pounded ice, to the 
water, and when the tempciatnrc is 
steady again notice the position of 
the top of the water. Continue the 



cooling* with ice, making observations of the position of 
the sufface for about every three degrees down to i° C. Then 
let the water in the beaker gradually rise in tempera* 
ture, adding a little warm 
'water, if necessary, and 
again observe the positions 
at the same temperatures 
as before. The mean of 
the t^o positions observed 
for each temperature should 
he taken as the true reading 
for that particular tempera- 
ture. Construct a curve like 
that shown in Fig. 13 to 
represent your observations 
of the changes of volume of 
water at temperatures near 
the freezing point. 

At what temperature has 
the water in the coll the 
least volume, and therefore 
the maximum density? 

The changes in volume of water, when cooled down to 
fr&zing point, can also be observed by means of a test-tube 
of water having a good stopper, with a narrow glass tube in 
it instead of the coil used in the preceding exercise. But 
as the expansion of water between 4" C. and o° C. is very 
small, the experiment has to be carefully performed to be 
successful. 



13. Density of Water and Ice. 

(a) Half fill a burette or graduated glass tube with paraffin 
oil. Put the burette in a jar containing. ice and water until the 
temperature reaches o° C. Observe tffe level of the paraffin oil 
in the burette. Gently drop in pieces of dry ice, and observe 
the volume of the ice added by noticing the rise of level of the 
oil. Let the ice melt, and when it is converted into water, &gain 
observe the reading of the burette. This reading will give you 




the volume of water produced by the melting of a certain known 
volume of ice. Find the ratio of the volume of the water pro- 
duced to that of the ice from which it came. Hence the result 
, will give you the density of ice. 

(£>) fill a small narrow-necked bottle with water, and cork it 
up tightly. (A bulb blown at the end of a glass tube is better.) 
Place the bottle in a bowl and cover it with a freezing mixture 
of ice and salt. Carefully cover the bowl with a duster or cloth 
until you hear the bulb burst, then take off the covering and 
examine what has happened. Describe and explain the result 
of your experiment. 

Try to explain, from what you have learnt by your experiments, 
why water pipes burst in winter. How is it that the burst pipes 
are not found until the thaw sets in ? 

(c) Put a few pieces of ice in a glass of water. Does the ice 
float or sink? Is ice heavier or lighter than an equal bulk of 
water? How do you account for the difference of density 
between ice and water? 

(d) Cut a piece of wax candle into chips, and put them into 
a test tube. Melt the wax by gently heating the test tube, and 
while it is liquid throw in a few more small pieces. Do these 
pieces float or sink? Can you tel! from your observations whether 

wax contracts or expands wh€n pass- 
g from the liquid to the solid state ? 

14. Maximum Density of 
Water. 

When water contracts its 
density must increase, and the 
degree at which contraction 
ceases and expansion com- 
mences marks therefore the 
point of maximum density of 
water. The changes of density 
near the freezing point can be 
indirectly observed by means 
of Hope’s apparatus (Fig. 14), 



F10. 14 — Hope’s apparatus for 
the dt sc rnn nation of the tempera- 
tare of maximum density of water. 




the principle njf ^bich is based upon the fact that the 
denser parts of a ligpi^Lsink .and^the lighter rise to the t^pc 
The apparatus consists of a glass or metal vessel having a 
trough surrounding the middle part. Two thermometers 
are inserted in holes near the top and bottom of the 
instrument respectively. 

(a) To use the apparatus, fill the inner cylinder with cold 
water — at a temperature of 6° C. to 8° C.—and the trough with 
a freezing mixture. w Notice the readings of the thermometer 
at intervals of a minute or two, and record as below. 


Time, 

Top 

THERMOMjf^R. 

Bottom 

Thermometer. 





At first the bottom thermometer will be most affected, 
while the top one remains at nearly the same degree. 
When the temperature of 4 0 C. is reached, the bottom fher- 
mometer ceases to fall, but the upper one commences to 
fall rapidly, and continues to go down until a temperature 
of o° C is reached if the experiment is continued long 
enough. . 

Explain the changes observed bf' means of the facts you 
have learnt, as to the variations of the dehsitv of water with 
temperature. . * \ 

The apparatus for performing this experiment e^n/g|W^y 
be made in „a workshop.' Holes are cut in’ the. side 
of a tin canister, and short tin tubes are soldered into 
them. Corfe for holding the thermometers are fitted iftto 
the tubes. ;For the trough a large tin canister is obtained 
and reduced to a convenient height. A hole is then cut jar 
the bottom to permit the trough to fit upon the outside of 
the smaller canister. This must, of cour$$, be done_ 



before the top tube is soldered on. To obtain, the best 
results with this or any other form of Hope’s apparatus, the 
cylinder should be wrapped in cotton wool and stand on 
similar material ; and the observer should only stand near 
it when he wishes to read the thermometer. 


CHATTER If. 


CONDUCTION AND RADIATION OK HEAT. 


15. Relative Conductivities of Metals. 

(a) Twist an iron and a copper wire, about io‘cm. long, at 
one end, and put the twisted end in a small flame. Alter a 

short time the wires become too 
hot to hold.) Why? Which wire 
reaches this stage first ? 

( 6 ) Obtain wires of copper, iron, 
brass, German silver, and of any 
other metals available. Let the 
diameters be as nearly equal as 
possible, and the lengths about 
f 5-20 erns. Fasten the wires upon a 
strip of wood as shown in Fig. 15). 
Support the wood in a horizontal 
position and heat the wires with 
a flame where they meet. After a 
few minutes slowly move a safety 
match along each wire in succession, 
commencing at the ends away from 
the dame, and notice the points at 
which the matches will light. Repeat the experiment several 
times ; then take away the dame and measure the distance of 
these points from the heated ends. Find the average distance 
for each wire* , 



Fig. 15. — Experiment 10 *>how 
difference of conductivity of heat 
ulong metal rods. 



The numbers obtained wilf show roughly the relative 
conducting powers of the metals of which the wires are 
composed. Write down the names of these metals in the 
order of their ability to conduct heat, beginning with the 
best condljctOr, and putting against each name the average 
distance af wjki^h the match was ignited upon it. 

(r) With t&e small cylindeis of metal provided and your 
steel scale (if hot ‘lib heavy) perform the following experiment 
Fix the scale upon 
one of the cylinders of 
metal by means of a 
small lump of b$*V 
wax. Pfctce* the cylin- 
der on a warmed plate 
of iron, supported on 
a tnpod as shown in 
Fig. 16. Heat is 
i onducted by the 
cylinder to the wax, Fig. ^^Ayluctivitv experiment, 

which eventuallyrnelts, f 

causing the scale to fall exp ennfea t with the 

different cylinders and nolfe Mtiiuh&dyf sacc^^|)^en for the 
wax to melt. 

*** . Nif Wxeconds 

in whlbJi vMtx melts 

(a) Copper,- - . - 

(b) Brass, « - 

(c) BiStttuth, . - - * - .... 

(d) Hard wood, - - 

* * v ’ 

As some metals take than others to raise them 

to the same temperatt&e, the^f^ults obtained will not 
accurately show the dl^^nce^^j^ducting power of the 
cylinders used. * V jf* } 

-*gf* '« **^,4 

(d) Bore* number of holes inis cq^ 0 mg^pf sizfc that 

several rods of different material -but ■■flar ^sa^i^^gt»nd^fj^k*. 
ness just-fit Push these rods through ^ cflSrk so tlkt they all 

it 
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prelude equally. Cover the longer pans with wax by means of 
a brush or cloth dipped in melted wax. Now put die cork 



Fig. 17 . — liodp heated by hot water to 
show difference of conductivity. 


bung on to the top of a tin 
canister or beaker in which 
water is being foiled in such* a 
way that the sh&rter unwaxed 
part-, of the rods dip into the 
water. Notice that the wax 
melts further along some rods 
than others. Allow the rods to 
remain until no further melting 
is observed, and then measure 
each rod from the extremity to 
the beginning of the unmelted 
wax. The conductivities of the 
metals are proportional to the 
squares of the distances along 
which the wax is melted. 

The following effective 
arrangement for determin- 
ing the relative thermal 
conductivities of metals has 
been devised by Mr. Edwin 
Edser. 1 


(e) Procure a piece of brass tube, about 10 eras, in diameter 
and 20 cms. in length. Close one end 
by means of a brass disc. Bore a 
number of holes in this disc to receive 
the extremities of rods of copper, 
brass, iron, etc., each rod being 
2*5 mm. in diameter and about 1 5 to 
20 cms. m length. Solder the rods in 
position perpendicular to the disc. 

Upon each rod place a small 
index, made from a piece of Copper 
wire of jupt *8 mm. diameter, bent 
into theWhn shown in Fig. 18, a 



Fie. 16. 

index of 
apparatus. 


— Enlarged view of 
Edser s conductivity 


'Nafmnr, July 13, 1899. 
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small ayow-head of blackened paper or mica being attached by 
shellac varnish. The rings forming part of each index should 
be wound on a rod very slightly larger in diameter than the 
experimental rods. 

To perform an experiment, invert the brass vessel; slip an 
ipdex on each rod, the single ring (Fig, 18) being left in contact 
with the disc, and melt a very 
small amount of paraffin wax 
round the rings. Support the 
vessel with the rods down- 
wards, as in Fig. 19. The 
solid wax will hold the indexes 
in position. Now pour boiling 

water into the brass vessel. 

* 

When that part of a 
metal rod, in the neigh- 
bourhood of the double 
ring of the index, reaches 
the melting temperature 
of the wax, the index com- 
mences to slip downwards, 
carrying the wax with it, 
and when the temper^ 
tures of the rods have 
acquired steady values, 
the indexes will have 
descended to points on 
the various rods where 
the wax just solidifies, 
eqiial temperatures. 



^ Fig. m* — Edser's apparatus for de- 
monstrating the relative; thermal conduc- 
tivities of metal. (Th# left-hand rod is of 
copper, the middle one of brass, and the 
right-hand one of soft steel.) 

and which, therefore, possess 
The conductivities of the rods are 
proportional to the squares of the distances from the bottom 
of the brass vessel to the respective positions indicated by 
the several arrow-heads. 


Observe the positions of the indexes on the rods you use and 
determine the relative conductivities of the substances of which 
they are composed. 



la Belatdve Conductivities of Liquids.' 

(a) Fill a narrow test-tube three-quarters full with cold 
vater, and having weighted a small piece of ice by winding 
^ire round it, or in some other way, drop it into,jhfe tcst;iube, 

Hold the test-tube near the ijdttom 
w here the piece of ice i|5 w and 
warm the top of the water in a 
1 ban sen flame, as shown in Fig. 20. 
The water at the top c^n he heated 
until it boils vigorously and yet 
the ice is not melted*, Rowing 
what a bad conductor the waiter is, 

(b) Nearly till a narrow thst-tube 
with mercury and heat it at the 
top, as in the preceding exercise. 
You will find that the test-tube will 
soon become too hot to hold. 

* 1 

(c) Fill tl)iS Hope’s apparatus, used in Exercise 14 (a\ or a tin 
canister similarly fitted with tubes for thermometers, with < old 
water. Observe the readings of the thermometers Float the 
cover of a tin canister upon the Jop of the water, and pour a, 
little benzene or methylated spirit inft it Ignite the spirit, 
and notice that the readings oTOie thermometers lenuin practi- 
cally unaltered, and th^t even the top one is not affected until 
the spirit has been burning for some time, 

17. Radiation and Absorption. 

(a) Obtain two small bright tin cans or canisters, and fit 
into each a cork having a hole through which a thermometer 
will pass* Cover the outside of one of the vessels with lamp- 
black by holding it over a candle or luminous gas flame, or over 
burning camphor. Put the same quantity of hot water at the 
same temperature in each, and then cork up the vessels, each 
cork having a thermometer through it so that the bulb is well 
immersed in the water. Observe the temperature of each 



* Fu, 30 — Experiment to show 
that water * i*> % bad conductor of 
heat. t 
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vessel of water, and if one is higher than the other, cool the 
vessel until the temperatures are equal. Then put the vessels 
in a cool place where there are no draughts, and after 20-30 
minutes again read the temperatures. 

The, blackened vessel will he found to have lost or 
radiated more heat than the bright one. 

(h) Similarly equally fill a blackened and a bright vessel 
with cold water of the same temperature, and hang them for 
20-30 minutes at the same distance above an iron plate, sup- 
ported on a tripod stand and heated by a laboratory burper. 
At the end of this time observe their temperatures. 

The blackened vessel will be found at a higher tem- 
perature than the bright one, therefore a lamp-black surface 
“ absorbs heat better than a bright metallic surface. 

18. Construction of a Differential Air-Thermometer. 

(*) Fasten two -flasks or bulbs together with air-tight joints, 
by a tube bent six times at right 
angles. Before fixing this tube 
in position put in some coloured 
liquid, so that it fills the bend 
as in Fig. 21. 

Notice that whenever one bulb 
is at a higher temperature 
than the other the level of the 
liquid in the parallel tubes is 
altered, the liquid approaching 
the bulb vmh the lower tempera- 
ture. Fig. 21.— a differential thermometer. 

19. Emissive and Absorptive Powers of Different 

Surfaces. 

(a) Cover one bulb of a differential thermometer with lamp- 
black, and the other with tinfoil Place the thermometer so 
that the bulbs are at equal distances from a vessel detaining 





EXERCISES' IN PRACTICAL PHYSICS. 


n , 


hot water. Notice and Explain the movement of the liquid in 
the thermometer. ' * • 



ib) Blacken one of the bulbs of 
a differential thermometer. Turn up 
this bulb into the position shown 
in Fig. 22. Obtain a small 
square biscuit box or vaseline tin. 
Cover one of the vertical faces 
with lamp-black, upon another 
paste a piece of “white paper, and 
roughen another by nibbing it 
with coarse emery cloth. Fill the 
box with hot water, and support 
it on a retort stand near the upper 
bulb of the differential thermo- 
meter, beginning with the bright 
unaltered side facing the bulb. 
Observe the depression of the liquid 
in one of the parallel tubes of the 
thermometer. Turn all the facev 
successively towards the upper 
bulb, taking care that the distance 
is the same in each case, and 
observe the effect produced. 

Which of the faces radiates 
most heat? Write down the 
names of the surfaces in the 


FfCt. 22. Differential i her mo 
meterr arranged for radiation 
evpHwiment*). 


order of their radiating power, 
as indicated by your observa- 
tions. 


20. Rat© of Cooling. 

{a) Obtain a small tin canister, place it in a large beaker of 
water, and put enough shot in it to sink it until the top is a little 
higher than the top of the beaker, when tlw water-level outside 
is about that indicated in Fig. 23. Observe and record the tem- 
perature of the water. Bore a hole in a slab of wood and insert 
€ cork, having a hole through which a thermometer will pass, 



hate of cooling. 


*3 


Hold the thermometer in the hot air rising from a flame until 
the temperature shown by 
it is 70° to 8o° C. Then, 
and not before, push the 
thermometer thiough the 
tork — the top of the stem 
and place the wood 
on the top of the beaker, so 
that the bottom part of the 
thermometer is enclosed in 
the tin vessel Obseive the 
temperature ciy half-min- 
ute as the therinometercools, 
until its tempeiature has 
fallen within about io° of 
that of the water Record 
the observations as indu ated 
below. 

J*tc a* —Experiment 01 the ratt of toolmg. 
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I he average excess is obtained^by dividing the sum of two 
successive numbers m the second column by 2 ; it is the mean 
of the excess <at the beginning and end of the half-minute. 

Newton’s law of cooling states that if an objetf is enclosed 
m a chamber of uniform temperature the rate at which tt 
loses heat is proportional to the excess of the temperature of 
tfo surface abente that of the chamber. The numbers in the 
last column ought therefore to be the same if the law were 
strictly true, but as it only holds good when the excess is 
small, you will And that the numbers will differ slightly. 



chapter h£ 

IEAS&REMEJST OF 'EXPANSION OF SOLIDS, 
EfQUlDS, AND GASES. 


21. Expansion of Solids. 


(a) Obtain an iron or brass iod of about six inches long, 
fitting into a gauge cut out of brass (Fig 24). The rod just tits 
the gauge when both are at the ordinary 
temperatuie Heat the rod ; it will not 
now go into the gauge, therefore its si?e 
has been increased by heating 

(b) Obtain a metal ball and a tin 
canister, into which the ball will just fall 
when cold Instead of the camstei a 
ling of a retort stand, through which the 
ball just passes, ina> be used, or a 
circular hole of the same diameter as 
the ball may be cut in a piece of metal. 
Holding the ball by an attached chain 01 wne, heat it m a gas 



ttG 144. —Rod and kaurc 1 
to shern expansion hy heat 



1 JO. «$.~-ApfU*Atus to .show the h w expansion of a metal rod when heated 

flame. It will not now flt fhe hole through which it would 
pass when cold. Why is this ? 


EXPANSION OF SOUUK 


*5 

(c) Obtain a metal bar about a foot long— the nx| of a retort 
stand #ill do. Take two blocks of wood and lay the rod 
between them, as shown in Fig. 2$. Place a heavy weight 
on one end of the bar, or fix it down tightly by cutting a strip of 
flexible metal, and nailing it over the har in the form of a clamp. 
Under the other end put a fine needle, with a straw on it, as 
shown in the figure. Heat the bar with a flame, and notice that 
the pointer moves, on account of the expansion of the bar. 

(i d) Make or obtain a compound strip made of two metals, 
riveted together. A strip of copper, 15 cm. long and 2 cm. 
wide, fastened to a strip of iron of the sahie size is & convenient 
form ; or a strip of ebonite may be glued 
to a strip of pine of the same size and 
thickness. Heat the compound strip and 
observe that it bends into a curved form on 
account of the unequal expansion of the two 
materials. Which of the strips expands by 
the greater amount ? 

22. Coefficient of Linear Expansion. 

(a) To obtain a measurement of the linear 
expansion of a rod when 'heated to a known 
temperature, the form of apparatus 1 shown 
in Fig. 26 may be used. 

To a tin can, as long as can be ob- 
tained, fit a cork, and through this pass 
a tube of copper or of other metal about 
3 ft. long, closed above by a flat top. 

Near the lower end of the tube drill four 
01 five holes about inch in diameter, and 
near the top drill one or two holes fitting 
to them short pieces of copper or brass tube'. 

Measure the length of the tube at the 
temperature of the air. Place a Fletcher F «>. ^-App.ra.u, for 
burner near a wall or wooden upright, and determining the linear ex- 
place on the burner or other support the pansi<n ! ^ * inetal tub ^‘ 
tin can with the copper tube, holding it by a clamp. Let the 
1 In use at be Dunstan's College, CatfOrd, 
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lower end of the tube rest upon the bottom of the can (Fig. 26). 
" At about the level of the top of the coppej tube pin a bfacket of 
iron, and drill a hole whtch is just abo\ e the top of the copper tube. 

To measure the expansion, wiup the exposed part of the 
copper tube with cotton wool, and place on the bracket a sphero- 
meter, and adjust so that the screw just touches the top of the 
copper (It is of couisc not advisable to use a good sphero- 
tneter fot the expenmeot, as some steam may condense upon it.) 
'Take the reading, and screw up the spheromcUr. Boil the water 
in the can, and when steam has been issuing foi some time 
again screw' down tfic spheiometei and take the reading. 
Through what distance has the top of the copper tube* moved? 
Theti^ikulate thus : 

A length of cm of copper when raised .. .. degrees 

expanded cm. 

Therefore t cm of c upper whom aised 1 degree expands.... .. cm. 

The value so obtained is the coeffkent of expansion of the 
metal used 

* 23 Expansion of Liquids. 

(a) (dose one end of a glass tube about 10 cm. long and 3 
mm- bote Vaitly bll the tube' with watei, and fasten it to a 
thermometer by means of thread'- or india rubboi bands Place 
the combination in melting ice, o that the watei is sunounded 
by the ice, and obseive the dcgiee cm the thcimomcter level 
with the surfa< e of the water in the tube. Repeat the operation 
with the combination suctcssmly in water at 50°, 60°, 70°, 8o l , 
and cx)°, taking care that the watei in the tube is completely 
immersed Now take the combination nut of w'ater, and 

measure the distance from the bottom of rht tube to the point 
atwvhicb the surface of the water stood in each case 1 , taking care 
that the tube does not move. Recoid the observations thus * 


'll 
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EXPANSION OF LIQUIDS, 


Find from these results, the average increase of length for i° 
rise of temperature, and the fraction which this increase is of the 
original length. 

As the tube is uniform in bore the lengths of the column 
• of water are proportional to the volume of the water, so that 
your results will show you the increase of the volume of 
water for a rise of temperature of i°, expressed as a fraction 
of the original volume. 

( b ) Repeat the preceding exercise, using turpentine, alcohol, 
or mercury instead of water in the tube, and find in the same 
way the fraction of its volume at o° by which the liquid expands 
for a rise of tem juncture of i° C. 

24. Beal and Apparent Expansion of Liquids. 

Hitherto the expansion of the glass containing a liquid has 
not been considered. But the glass, 
like most substances, also expands 
when heated, though it may not be* 
noticed, as the expansion of the liquid 
is so much more. To convince your- 
self that the glass vessel in which the 
liquid is contained really expands, 
pioceed as follows : 

(a) Procure a 4 oz. flask and fit it with 
a cork. Bore a hole through the cork and 
pass through a long- glass tube which fits 
tightly. Fill the flask with cold water 
coloured with rod ink. Push the cork into 
the neck of the flask and so cause the 
coloured water to rise up the tube, bee 
that there is no air between the cork and 
the water. Now plunge the flask iff^hot 
water, and notice that first of all the liquid 
in the tube falls. Why? Then it rises 
up the tube, that is, the volume increases. 

That fraction of its volume at o° C. tubc^io 7 show ^f ^nxi^ap- 
which a body expands on being heated pamU ex ' p£Ulhort a 
through i 6 C. is called its coefficient of cubical 
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The amount which a liquid expands appears less tlw t« 
actually is because of the expansion of the vessel. Thw 
expansion which it appears to possess is called its apparent 
expansion. To obtain the leal expansion we should have to 
add to the apparent expansion the amount the glass 
expands, 01, 

real expansion _ its apparent e> panMon of 
of a liquid expansion the glass* 

If any two of these values irr known, tin third can evidently 
be easily calculated. The following exe»ei»t shows this* 


25. Weight Thermometer or Dilatometer. 


Knowing the absolute expansion of meirury {*=■ *000181) 
find t tic expansion o 1 glass by means of a diu&it) bottle or 
weight theimomctcr a', follows . 

(a) Determine the mass of your density bottle by weighing. 



Fill it with mercury, 
and, handling as little 
as possibh, place it 
in a tray and insert 
the stopper. Again 
weigh, and by subtrac- 
tion determine the 
mass of mercury which 
just fills the bottle at 
the tempei ature of the 
room. Support the 
bottle full of mercury 
m a cage made of 
wire gauze to which 
wires are attached to 
hang the bottle and 
cage frotn a clamp of 
a retort stand (Fig. 
2$). Lower the cage 
into a vessel of water 
so that the top of the 


Fm. *g.~IM«*hbmtlon of the expansion of the stopper of the bottle 

ww of a 'density bottle by the cliktometer method. 



WEIGHT THERMOMETER* 


s>9 


is just out of water. Arrange a mercury themometer by the 
side of *tfte bottle. Gradually warn the water. Notice the 
expansion of the mercury through the hole in the stopper. 
When the water is at 70" C, quickly lift the cage out of the 
water, and at the same moment, vwth a clean piece of paper, 
push off the drop of mercury on the top of the stopper. The 
bottle is just full of mercury at 70 C. Place the bottle oh one 
side to cool. Again weigh, and by subtraction, determine the 
mass of mercury which just fills the bottle at 70° C. Receipt 


your results : 

Temperatuie of room, - - - /* C. 

Mass of density bottle, - - * gms. 

Mass of beetle when full of mercury 
at temp, q&roorn, - gms. 

Ma->s of tneicury which fills bottle at 
temp, of room, - - - ... n r gms. 

Temperature to which bottle is heated, - T° C. 

Mass of mercuiv and bottle after 
escape of mercury as it is healed to 
T' C., - ‘ ' ’ ' K™s. 

Mass of mercury' which just fills bottle, 
at T° C - “ -r*w gms. 


Proceeed to consider the experiment as follows. Since 
w grams of mercury just fill the bottle at 7 ,D C., it is evtdfcM 
that in heating the bottle from f C. to T v C., IV —w grams 
of mercury have escaped. The density of mercury at / rw G 

IV 

is, let us say, d. Then the IV gms. occupied c r At 

d 

7* C, w gms. Occupied the same volunu (neglecting the 
glass expansion) but if tooled down to t they would only 

occupy -3 c.c. ; therefore, — c.c. at f would, if raised to T°, 
d d 

expand to ~~ c.c. The coefficient of expansion is 
IV w 


d £ 

n> 


1 

T~t 


, that is, 


IV- w 
w 


1 

7 -T 


Id 


But |he real expansion of mercury ~ o‘oooi8 i . 



30 


LJUS&UtS&S IN PRACTICAL PHYSICS. 


— * - - if* * ' — 

And it has been seen (p. Jiff' that 

Expansion of glass -real expansion ~ apparent expansion. 

(£) Check your result by putting the density bottle into 
water again and raising thv temperature to 90° C. Repeat 
the Weighing and calculation. 

Instead of a density beetle, a U-tube of the form shown 
in Fig. 29 may be used. One end of the U-tube is drawn 



Fig. ot>. - 4 uirjvemtnt form of dilatometer. 


out to a fine point. The vessel can easily be filled with the 
liquid to be used by applying suction at the other end 
while the pointed end dips into the liquid. The most 
convenient form of vessel to use is a U-tube having a stop- 
cock at one end ; for the stop-cock can be turned off when 
the vessel is being heated, so that the liquid can only 
escape at the other end. This form, however, is not essential. 
Any vessel of this kind, which provides a means of esti- 
mating temperature by the use of the balance, is known as 
a weight thermometer or dilatometer. 
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- 26. Coefflcient of Expansion of a Liquid. 

The coefficient of expansion of a liquid, e.g. alcohol, can 
be obtained by means of a density bottle or weight ther- 
mometer, used in the same way as in the preceding 
exercise. * , , 

(a) Determine the mass of a density bottle or weight ther- 
mometer of other form. Fill the vessel with alcohol and find 
ne mass of the liquid. Observe th£ temperature of the alcohol. 
Jow, place the vessel in water and heat the water to a tempera- 
jre of 40° C, keeping it at that temperature for 10 or 15 
ninutes. Then take out the vessel, and, when it is cool, find, it* 
lass. Your weighings will give you the mass ( IV) of a. certain 
olume of alcohol at the temperature (/) of the room, and the 
mass (w) at the temperature (T\ viz., 40° C. Record vour 
bservations as in the preceding exercise. 

If the mass of the weight thermometer alone is repre- 
sented by m, the mean coefficient of expansion of the 
alcohol between the two temperatures t . and T can be 
fourtd bv the equation; 

W~ w 

Coefficient of expansion =« y y 

{if) Find by the method used in the preceding exercise the 
□efficient of expansion of turpentine. 

If the coefficient of cubical expansion of glass is given, 
the real expansion of a liquid can be determined by means 
of a weight thermometer. In this case you proceed exactly 
as in the last *two experiments. In calculating you first 
obtain the apparent expansion of the liquid as in the pre- 
ceding exerci$$ji and afterwards add the cubical expansion 
of glass ; the sum will give the real of absolute expansion of 
the liquid. 

27. Coefflcient of Expansion of a Gas. 

{a) Obtain an 8-02. flask fitted with a cork and a narrow glass 
ibe about ten inches long. Remove the cork and tube, and, 
y suction, draw h little red ink into the end of the tube near 



^ ’ ■: -wcEKdiMs' w tm&cmMf msmm. , 

»,^ r ^ » 

fr * * w 

jibe pbvk** t Re-insert the cork and warm the flask. Notice that 
XJji air IA thedfesk gets krger ,ami pushes the red ink along the 


{#) Obtain a piece of thermometer tubing of about r mm. 
bore and 20 cm. long. Suck into it a length at about f cm. of 
mercury. Seal one end of the tube and arrange that the index 
of mercury comes near the middle of the tube when the end 
has been dosed and the mbe is cooL '' Fasten the tube to a 
thenhomoter, closed end downwards, as in Exercise 23 (<?). You 
have in it a certain volume of air, and can find the tolume at 
different temperatures as you did with liqtpds. Place the com- 
bined thermometer and tube in melting ice and notice the 
'position of the air column with reference to the* thermometer 
scale. Repeat the operation for every io“ up to ioo° C., taking 
care that the atr column is completely immersed in each cabd, 
ai\d giving the tube two or three taps before making an observa- 
tion, in order to make sure that the mercury is not sticking to 
the tube. Record your observations thus * 


Temper ajvrk. 

Length 01 Air 
Colhmn. 

EXPANSION POK 
to’ C. 

A\ erapE 
Expansion por 
i b C. 

1 


1 



As the tube is cylindrical and uniform to bore, the volume 
of«the air in it is proportional to the lengths of thh air 
column. The average increase of volume for i"C., expressed as 
a fraction of the \ olume at o 0 C., is the toe ffi dent of expansion. 
Find from your results the coefficient of expansion of air* 
When a gas is heated ip circumstances where, as in 
these experiments, free expansion is possible, it is said to 
expand under a constant pressure , Both at the beginning 
of the experiment and after the gas has been heated, the 
pressure to which it is subjected is dimply that of the 
atmosphere. 




(SOEFFICIEirr OF EXPANSION OF A GAS Jf 

(c) Fit Up die apparatus shown in Fig. 30, which shews an 
8*0?. flask fitted with an india-rubber stopper containing a 
single holh, through which 
passes a glass tube bent twice 
it right angles. To the end of 
the glass tube outside the flask 
is fixed a strong piece of india- 
rubber tubing, and into its other 
end a thistle funnel is pushed. 

Make a mark on the right- 
angled tube. Pour mercury 
into the funnel until it reaches 
the mark. Now plunge the 
flask into warm water, and ob- 
serve that, as before, the air 
expands and depresses the 
mercury below the mark. Raise 
the funnel until the mercury is 
again brought to the mark. 

Notice that now there is a 
length b more mercury in the 
tube of the funnel and, as you 
have previously learnt, this 

difference in the mercury level FlG * ^—Apparatus for observing in* 
3 crease of pressure of a gas heated at a 

m the two tubes represents an constant volume. 

increase in pressure of the gas 

in the flask. Also notice thjit the heated gas has the same 
volume as at first * 

' The result of heating a gas which is not allowed to 
expand is to increase the pressure which it exerts on the 
sides of the containing vessel" j Under such conditions, k is 
said to be heated at a constant r 'me, and the effect of 
heating is to cause an increase ■hessure, The pressure 
of the gas at the end ofthe Iasi experiment ^ eviden#§r 
equal to the pressure of theatmosphere together with that 
represented by the column of mercury b. 



p,p. n. 



Coefficient of 


i 

P) 

-■ah an india 
ounding 
■rhich 




[Jkir lieam 


^oo i c.^capacity, and fit it 
fc *"' hole. Make a plug ]>y 
^short length of glass rod, 
stopper. Place the stopper 
: so that it fits tightly, and with a 
tj&mond is better), make a mark round 
. the bottom edge of the stopper. Plunge 
ath 1 of boiling water and fix it in position by a 
he flask exposed to the boiling water and steam 
a minute, and then dose the flask by firmly inserting 
Find the temperature of the water (7^ C ) Remove 
and place it, stopper downwards, in cold water in a* 
trough. Take out the plug, and observe that water 
mteri the flask. Depress the flask until the water within and 
wilhcftit it, is the same, and re-insert the plug. Record the 
temperature (/ a< C>) of the cold water. Measure the volume (v) 
of the water iix the flask by means of a cubic centimetre jar. 
Fill the flask up to the maik with water from the pneumatic 
trough* this gives the volume (V) of the air in the flask at the 
temperature of the air. 


Proceed to calculate the coefficient of expansion as 
follows ; 

Tb# vdtbm&yOf sir at the temp, of cold water which fills 
the flask up r tdjthe mark when it is at a temp. T C. 

This volume offer on t>eing heated from f to T n C. 
expands an amount represented by v. 

*\ Apparent coefficient of expansion of an for i° C. 


The real expansion in the ease of a liquid, got by 

3 The tin boxes in which caustic soda is supplied answer very well 
(Adamson). 



THE COEFFICIENT OF |SXPANSION W Allt 

4 adding* the cubical coefficient expansion of glass, but as 
c compared with that of air this is very small ; the correction, 
to be made is not large, 

(£) Instead of. using a large flask, a test-tube having a one- 
holed india-rubber stopper, which can be plugged with a piece of 
glass rod, tnay be employed. Weigh the test-tube thus fitted 
and then place it in a flask containing water, and of such a size 
that the rnn of the test-tube rests on the top of the neck of the 
flask. Record the temperature of the air in the test tube. Roil 
the water in the flask, and after it has been boiling for a few,, 
minutes insert the plug in the stopper of the test-tube. Remove 
the test-tube and hold it under water. Remove the plug ; water 
rushes in. Hold the test-tube, stopper downwards, so that tftwi 
level of water is the same inside and outside ; then replace the 
* plug, lift the tube out of the water, dry it and weigh it. Weigh it 
again full of water. Subtract the mass of the test-tube and 
fittings fiom cadi icsult so as to obtain the mass of water in 
each case. You can then deduce the volume of air irir the test- 
tube at the tempeiature of cold water and at the temperature of 
boiling water, and can therefore deteimine the coefficient of 
expansion. 


29. Determination of Absolute Zero. 

If several experiments are made to determine the ex- 
pansion of air and other gases at constant piessure it will 
be found that the expansion is uniform, every perfect gas 
expanding of its volume measured at^cfC. foi a rise 
of i°C. 

Deduce the absolute Zero of temperature by plotting the results 
obtained in 28 (a) for the expansion of air. Number your squared 
paper as shown in Fig. 31 or. on some other convenient scale. 
In the illustration, vertical distances equal to the side of a 
single square represent 10 degrees of temperature on the Centi- 
grade scale, and horizontal distances of an equal length represent 
10 ce. of volume. Mark points A apdr B representing the 
volume at the temperatures of the hot and cold water respec- 
tively. Produce the line which joins* these points until It cuts 



EXERCISES IN PRACTICAL ftjYSICS. 
the line of ttoperatures, which it will do below the origin 



Fig. gi.— Graphic dcterminition of the absolute zero of temperature 


at a point representing - 273 0 C, it your observations ha\e 
been correctly made 

30. The Coefficient of Increase of Pressure of Air 
heated at a constant volume. 

(a) Fit up the apparatus descubed in Expt. 27 (r) being careful 
to make the right-angled tube as short as possible, since it is 
exposed to the air during the experiment, and its temperatuie is 
in consequence below that of the hot water in the bath The 
tube selected must also be a narrow one, so that the change of 
vplurne of the air contained by it may be inconsiderable. If it 
"is too narrow, however, there is a great tendency for the column 


^COEFFICIENT OF INCREASE OF PRESSURE OP*Air $ 

, % , —4 r- 

of mercury t?o break, and the reading af the height of the 
mercufy column becomes uncertain. Perform Expt. 27 (c) again, 
starting with the highest temperature, and carefully read the 
difference in height between the top of the mercury column in 
the funnel tube and the mark previously made on the other tube 
for several temperatures of the water in the bath. 

Place the flask in melting ice and again record the position of 
the mercury in the funnel tube when that in the other tube is at 
tire mark. 

Record your results as follows : 


TEMiwrunir j Height (cm.) J 
or Bath. Barometer. 


Height (cm.) of Mercury in 
the Funnel Tube 
ABOVF OR BELOW THE MaKK. 


Total Flexure 

IN Cf, £L * 

Mercury. 


Calculate the coefficient of in ci ease of pressuie as follows ; 

The fall of temperature is from 0 C. to 0 C, ~ (P (say). 

„ total pressure „ mm. to mm. ~p (say), 

4h<2 rease of pressure for a rise of 0 ° ; 

V ; )r ^ 

>» » * ^ • s ^ 

Knowing^his, calculate the pressure, which should, if this 
increase per degree is regular, be observed at o° C., using 
one of the observations ip youi table (preferably one near 
the temperature of the room). Let the temperature selected 
be P C., and the corresponding total pressure be P t . 

. \ Pressure at 0° C. = P t ~ 

Compare this result with the pressure observed when the 
flask is in melting ice. 

Now, the coefficient of increase of pressure at constant 
volume __ increa se of pressure for f C, _ 
pressure at o e C. 

Find this coefficient, using both the observed and calcu- 
lated pressure at o’ G, 



CHAPTER TV. 

. SPECIFIC AND LATENT HEATS. 


Equal masses of different substances require different 
quantities of heat to raise their temperatures by equal 
amounts, and conversely, equal masses of different sub- 
stances give up different quantities of heat in cooling 
through equal ranges of temperature. 


31 . Unit jpf Heat Quantity. ^ 

(tr) Weigh about 200 grffl'of cold water into a beaker, and 
observe its temperature. P.ut the same amount of water into 
another beaker ; heat it to about 50° C. Now place the beaker 
of hot water on your table, with a thermometer in it, and 
observe its temperature. When the temperature has fallen to 
say 48° C. take hold of the beaker with a duster, and quickly pour 
tfye hot water into the cold. Stir up ffie mixture with the ther- 
mometer, and observe the temperature after mixing. Record 
your observations as below. ; , 1,1 ’ - 


Mass of cold water, - ; * , gm. 

Temperature „ - - - - 0 C 

„ of mixture, - - - - 0 C 

Number of degrees through which the cold 

water was raised in temperature, - - ’ C. 

Mass of hot water, - - gm, 

Temperature of hot water, - - • 0 C. 

Number of degrees through which the tem- 
perature of the hot water fell, - - 0 C. 

Tabulate the gain and loss that occur, as shown below. 


Gain. Loss. 

-- . .A - 

^ * * ■ > > 

Mass of cold water Mass of hot water 

xits rise of temperature x its fall of temperature 

■ • x « x 1 



UNlf OP HKATjQ»AimW, , 3$ 

Your results will indicate that the gain is slightly less 
ftan the loss. This is not really the case, and it only 
appears so because the amount of heat required to raise 
the temperature of the glass of the beaker containing the 
cold water has not been taken into consideration* 

The amount of heat required to raise the temperature of 
one gram of water j° C., or the amount given out by a gram 
of water in felling- i°C. in temperature is the unit employed 
in measurements of heat quantity, and is termed a calorie} 
The number of calories gained or lost when water is heated 
or cooled is, therefore, obtained by multiplying jfess 
of the water by the rise or fall of temperature measured 
in degrees Centigrade. , 

32. Capacities of Bodies for Heat. 

(a) Heat equal masses, for instance 100 grams, of lead and 
water m the same beaker. Provide two other beakers con- 
taining^ equal masses of cold water. Put the hot lead in one 
of these, the hot water into the other. Stir and note the 
temperatures. 


Mass of hot lead, 

.... gm. 

Mass of hot water - « 

....gm. 

Temperatuie „ 

° C. 

Temperature „ ~ . 

.. C. 

Mass of cold water, - 

. . .gin. 

Mass of cold water, - . 

--gm. 

Temperature „ 

° c. 

'femperature „ - , 

C. 

Temp, of mixture, - 

* cr 

Temp, of mixture, - 

C. 

Temp, of cold water 


Temp, of cold water 


raised through 

c. 

raised through - .* 

c. 


Equal amounts of water at the same temperature are thus 
shown to be heated to different extents by equal masses of 
water and leaxi at the same high temperature. 

(b) Mix 100 gms. of water at the temperature of the air with 
ioo gms. of iron at the boiling point of water, and notice the 
temperature of the mixture. I 

1 This unit is sometimes termed a therm , or a gram-calorie, to distinguish 
it from the kilogram-calorie. In these pages, the word^od© is used as 
defined above. 
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Temperature of iqo gms. of water, * - * # C, 

,, ,, „ iron, *’ “ ...... 

„ ,, mixture, - - - - * 

(c) Mix ioo gms. of water at the boiling point with 100 gms. 
of iron at the atmospheric temperature 

‘ Temperature of ioo gms. of water, - - 

„ „ ,* iron, - - * - l C - 

1 „ „ mixture, - - - - *C. 

The resulting temperature in the latter case is much 
** higher, showing that a given mass of water at a certain 
high temperature contains much more heat than an equal 
mass of iron at the same high Temperature. 

(ef) Weigh out 50 gms. of cold water, and, as before, 
observe its temperature. Put into a test-tube an equal mass of 



Fig. 3*. — Apparatus for Fig. 33 -Method of pouring s»ub^tances out 
heating substances for speci- of the steam-heater, 
fie bent experiments. A, test- 
tube ; 8, outlet for steam ; P, 
cork; K, can containing water. 


small iron tacks. Stand the test-tube, with the thermometer 
surrounded by the tacks, in a beaker of water, or in a steam- 
heater, winch can be made by fitting a long tin canister with a 
cork, outlet, and test tube, as shown in Fig. 32. Boil the water. 



HEAT CAPACITIES OF DEFERENT BOMBS. \t 

Observe the terhperamre of the tacks, and when the , water has 
been st&dily boiling for some time, take opt tfce thermometer, 
cool it under the tap and dry it. Take hold of the test-tube, 
or of the whole steam-heater, with a duster ; quickly pour the 
ta£ks into the cold water, tipping the heater as shown m Fig. 33, 


and observe the temperature of the mixture. 

( Mass of water, g*p* 

I Temperature of water, - - - 0 G. 

in -J „ mixture, - - - to C 

I Number of degrees through which the 
{ temperature of the water was raised, 0 G, 

( Mass of iron tacks, - - - * gift. 

Temperature „ - - - - # C 

Number of degrees through which the 
temperature of the tacks fell, - - 0 C. 


(>) Repeat the experiment, using 50 grams of water at the 
same temperature as the tacks bad before being put into the 
cold water. Compare the effect of the tacks in raising the 
temperature of the cold water with that of the same mass of 
hot water at the same temperature. 

50 gin. of water at 0 C. raised 50 gm of water 

at 0 C. through 0 C. 

50 gm. of tacks at 0 C. raised 50 gm. of water 

at 0 C. through 0 C. 

(/) Cut 50 gm. of thin copper wire into pieces, ami repeat 
the preceding experiment with them instead of iron tacks. 
Compare, as before, the quantity of heat given up by the 
copper with that given up by the equal mass of water at the 
same temperature. 

\ Of) Repeat the preceding experiment with 50 gm* of lead 
shot, and also with 50 gm. of glass beads, and 50 gm. of mercury. 

The experiments you have just performed also show you 
that the same masses of substances at the same temperature 
have very different quantities of heat in them ; in other 
words, they have different capacities for heat. 

Arrange the substances you have used in a tible, from that 
which gave up the most heat to that which ga$e up the least. 
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Specific Heats. 

It Ms now been seen that a given quantity of water has 
a greater capacity for heat than the same mass of other 
substances you have experimented with. viz. lead, iron, 
topper, glass. When you compare the capacity for heat 
any body with water, you will find it is always less. The 
, ratio of the capacity of heat of a* body, .compared with that 
• of water, is called its specific heat. You may formally define 
specific heat in two ways ; either you may say that it is 
“ the ratio of thfe number of calories required to raise the 
temperature of a given mass of a substance through a 
certain number of degrees of temperature compared with 
that required to raise the temperature of an equal mass of 
water through the same number of degrees” ; or, it is “the 
number of calories required to raise an unit mass of a sub- 
stance through i X.” 

Since in measuring the specific heat of a substance the 
water employed in the experiment must be contained in a 
vessel of some kind, which in the process gets warmed, 
and so absorbs some of the heat units, you must first 
ascertain the' number of units of mass of water the vessel, 
or calorimeter as it is called, is equivalent to. 'This is 
called the water equivalent of the calorimeter. 


33 , The Water Equivalent of a Calorimeter. 

(a) Determine by weighing, the mass in grams of a copper 
calorimeter. Observe the temperature of the air and conse- 
quently of the calorimeter. 

Pour into the calorimeter a convenient quantity of warm water 
at a temperature of from 35* C. to 4o ,J C, Enough to one-third 
fill the calorimeter is a good amount. Notice with a ther- 
mometer, which you should carefully use as a stirrer, that, on 
pouring the warm water into the cold calorimeter, its tem- 
perature falls. When its temperature becomes stationary, which 
it will soon do, record the temperature again. Determine the 



mass of the calorimeter and water. Subtract mass of calori* 


meter, ahd so obtain mass of water used. 

Mass of calorimeter, - - - *gra. 

Temperature of calorimeter, - •• 0 C - f. 

Mass of water, - * - . ■ - gm. 

Temperature of water, - - - 0 C. -- T. 

Resulting temperature, - - * 8 C 4 


Water equivalent of calorimeter =«/» / 

The exchange of beat which takes place may be con- 
sidered as follows : 

Mass of hot water x fall of temperature - ‘ 

x : 

calories. 

This gives the number of heat units used in increasing 
the temperature of the calorimeter by an observed number 
of degrees. Find from the result the number of calories 
required to raise the temperature of the calorimeter through 
i° C., that is,, the water equivalent or water value of the 
calorimeter. 

It is always best to consider the conditions of the* 
experiment * as above described. The exchange of heat 
may, however, also be regarded as an equation, thus ; 

Number of Calories given V f Number of Calories taken 
out by water # / ” \ up try the calorimeter. 

M x ( T- 0) » /) '; 

■ ■ , 

, (0-r) 

The number of calories given out by a body, in cooling, 
or the number taken . up when its temperature is raised, 
is always the product of the body’s mass (m), the rise or 
fall of temperature (t) and its specific heat (s\ or, 

Number of calories concerned « m xfx $ «» mts . 

Since the specific heat of water is r, in the case of water 
the number. of calories — mt (see Exercise 3 1 {a% 
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34. Detennin&tion of the Specific Heat of Solids, 

(a) Determine by weighings the mass of the copper calori- 
meter, the water equivalent of which you have already found. 
Pour in enough water to one-third fill it. Again weigh. Put a 
thermometer into the water and leave it to take the temperature 
of the water. When the temperature is stationary, record it. 
Weigh out about 50 grams of short pieces of copper wire. 
Heat the copper in the steam -heater provided, and record the 
temperature of the copper with a second thermometer. Quickly 
introduce the hot copper into the cold water, stir, note the rise 
in temperature of the water, and, when constant, record. 

Set down your observations thus : 

Mass of calorimeter and water, - - grams. 

» 51 alone, - - - „ 

Therefore mass of water in calorimeter, - ...... ,, 

Water value of calorimeter, - - - „ 

Total water (///), - „ 


Temperature of mixture, - - - - 0 C. 

„ „ water, - - - - „ 

Therefore rise of temperature (f), - - „ 

Quantity of heat gained (m x /), - - calories. 

Mass of copper, grams. 

Temperature of copper before mixing, - 0 C. 

» » mixture, - „ 

Therefore fall of temperature, - - „ 

grams of copper in falling degrees gave out 


calories gained by cold water and calorimeter; 

therefore 

'.’V 1 gram of copper in falling degrees would give out 

calories ; 

and 

1 gram of copper in falling 1 0 C. would give out calories. 

The result thus obtained is the specific heat of copper. 



SPECIFIC HEAT Of SOLIDS. V 4$ 


Instead of considering the observations in this way, the 
resuK may be obtained by an equation, thus : Let mass of 
water *J/; mass of copper—?# ; temperature of calorimeter 
and water*/; temperature of copper* T; resulting 
temperature * 0 . 

Then 


Heat given 
hot copper 


out by j _ j Heat taken up by cold calori- 


\ meter and water. 

*» x(T-ff) x , f = ( w * le \ eq uivaJeflt \ x {0 _ t) 
\of calorimeter {w) / 


m( T^Wj ■' i 

(b) Determine specific heats of shot, marble, iron, tacks, coal, 
md some bronze coins. 


36 . Specific Heats of Liquids. 

When a liquid can be stirred up with water without the 
production of heat due to chemical action, its specific heat 
can be found by the method used in the preceding exercises. 

(a) Weigh a calorimeter. Half fill it with turpentine, and 
ind the mass of the turpentine. Observe the temperature of 
he turpentine. Observe also the temperature of some boiling 
vater. Pour boiling water into the turpentine ; keep the two 
iquids well stirred, and observe the temperature of the mixture. 
Mnd the mass of the water added. From these observations 
:alculate the specific heat of turpentine. 

(b) Determine in the same way the specific heat of mercury. 

When a liquid mixes with water, and heat is thereby 
produced, its specific heat can be indirectly determined as 
follows : 

(c) Fill a calorimeter of known mass about half full of alcohol, 
rad determine the mass of the alcohol. Observe also the 
emperature of the liquid. Heat about 30 grams of copper $0 
:he boiling point of water, as in Exercise 33 (<f)j observe the 
seraperatufe; and pour the copper into the alcohol. Observe 
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^he temperature of the mixture. Taking the 

specific heat of 

copper as 0*095, hnd the specific heat of the alcohol. 

v 

Mass of calorimeter and alcohol, 



gram. 

„ „ alone, 

- 


n 

Mass of alcohol, 

■ 


.. „ 

Temperature of mixture, - 

- 


T C 

,, „ alcohol, 4 - 

- . - 



' Rise of temperature, - 

- 


M 

Mass of copper (w), 

- 


.. gram. 

Temperature of copper, - 

- 


... r e. 

. „ „ mixture, - 

• 


.. 

Fall of temperature (/), 

■ 

.... ,, 

Number of calories given out by 

copper 



(wx/x 0.095), 

- 



Number of calories used up by calorimeter, 



„ „ „ „ alcohol, - 



Then 




grams of alcohol require ... 

. .. calories to 

taiv their 

temperature degrees ; 




therefore 




1 gram of alcohol requires .... 

.. caloric 

JS to 

vai'-'e its 

temperature DC. This is the 

specific 

heat i 

>1 alcohol. 


(d) Determine in the same way the specific heat of glycerine 
by pouring into a known mass of the liquid, at a < citnin 
temperature, some shot (the specific heat of which is known) 
at an observed temperature, and taking the temperature of 
the mixture. 


36. Latent Heat of Fusion. 

. (a) Weigh about 200 gm: of luke-warm water into a beaker, 
at*d observe its temperature. Put a few small pieces of ice into 
the water, stir them round with the thermometer, and, as soon as 
they have melted, again observe the temperature of the water, 



Now determine by 'weighing the nja,# of the water j and find 1 
out, from the increase of mass, the mass of ice added. 


Mass of water, - - * - , * gm* 

Temperature of water, * . Q C* 

M v when the ke had melted, 9 C 

Fall of temperature, 

Mass of water and mass of melted ice, - * gm» 

Therefore mass of ice added, - * - KpL 

The loss and gain of heat may be shown in two columns thus : 


Gain. j 

gin. of water fell through j 

0 C ; quantity of heat lost j 

equals mass of water x fall of j 
temperature. | 


Loss. 

gm. of ice were melted 

to water at o° C. , $ * \ 

gm, of water at o a C were 

raised to C.f that, is, 

through °C. ; therefore the 

quantity of heat used equals 
mjiss of water (melted w^k nsb 
of temperature. , 


You see how much heat was expended, and you also see 
that only a part of it was used in heating the melted ice 
from o° C. to the final temperature. The difference between 
the two results gives you the amount of heat expended in 
melting the mass of ice used. Find the amount of heat 
required to just melt i gm. of ice. This is called the latent 
heat of water , or the latent heat of fusion of ice. 


37/ La, tent Heat of .Vaporisation. 

(a) Pour* a few drops of any very volatile' liquid, such as 
ether or alcohol, upon the hand. It soon disappears, and as 
a result of its disappearance the hand feels very cold 

The heat necessary to effect the change of state has 
been taken from the hand. £>■. > ' ; 

(i>) Place a few drops of water between of a small, 

beaker and a block of wood. Put some ethlf the beaker 
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and blow gently over it with a pair of bellows having a tube 
fastened to the nqple. The water will freeze. * 


(c) Wrap a piece of muslin once round the bulb of a ther- 
mometer and secure it with thread. Hang the thermometer 
from a convenient support, and observe the temperature indi- 
cated by it. Pour a little ether or other volatile liquid upon 

‘the musfin and again 
observe the temperature 
indicated by the ther- 
mometer. 

(d) Into the flask used 
in previous experiments 
lit a glass tube and con- 
nections as in 34 - 
The short length of wider 
glass tube is a trap to 
catch condensed steam. 
Put some water into the 
flask and boil it. While 
the water is getting hot, 
weigh out about 300 gm. 
of water in a beaker or 
a thin metal vessel, and 
observe its temperature. 
After steam has been 

Fig. 34.— Flask fitted with tube and water*t rap for ^ ssu i n & bom the glass 
the determiuatior of the latent heat of steam, tube for a few minutes, 

place the beaker so that 
the end of the tube Is well under the water, and let it stay there 
until the water reaches a temperature of about 40' C. Then 
weigh the water again to And the* mass of steam condensed. 



Mass of water, gm. 

Temperature of water at beginning, - C. 

,, ,, end, * - * ...... C. 

Rise of temperature, - - - - 0 C. 

Mass of water + mass of condensed steam, gm. 

Therefore mass of condensed steam, - gm. 



LATENT HEAT OF VAPORISATION. 


As before, the changes of 
under two heads : 

Loss. 

gin. of water were raised 

through °C. The quantity 

of heat used equals mass of 
water x rise of temperature. 


temperature can be arranged 

Gain. 

gm. of steam were con* 

densed to water at ioo° C. 

gm. of water at ioo° C 

fell to " C., that is, through 

0 C., and the quantity of 

heat thus given up equals mass 
of condensed steam (water) 
x fall of temperature. 


You thus see the quantity of heat gained, and how much 
of the gain was due to condensed steam falling from ioo° C. 
to the final temperature. The remainder shows you the 
amount of heat given up by a certain mass of < team in 
condensing into water. Find the amount of heat given up 
by i gm. of steam in cop4§n§ing to form r gm. of water. 
This is called the latent iff steam, or the latent heat 
of vaporisation of water. 

Good determinations of tfiejate)#. J)eat of steam can be 
obtained in the following simple way : 


(e) Io a test-tube of about i inch diameter fit a cork through 
which passes a short glass tube bent at a right angle. About 
half an inch from the open end 
inside the test-tube a hole is 
blown in the side of the glass tube 
[Fig. 35). Boil water in the test- 
tube, and when steanP is issuing 
freely, place a weighed calorimeter 
:onlaining water, the mass and 



temperature of which have been 
>bserved, so that the end of the 


Fig. 35.— TefiUtube fitted for the 
determination of the latent heat of 
steam. 


tube from which steam is issuing 

•s immersed in the water. :>c *Tlie calorimeter may be wrapped 
n cotton wool and placed in an outer vessel if desired, and the 
fame screened by a note-book. After the temperature has risen 
P.P. II. D G 
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to about 40° remove the calorimeter — do not remove the test- 
tube from the flame -observe the temperature, and again weigh. 
Calculate as before. In thU case, owing to the side hole in the 
glass tube, any water collecting in the tube drops back into the 
test-tube and is not blown over with the steam. 


CHAPTER V. 

INTENSITY AND REFLECTION OF LIGHT. 

SB. Photometery and Law of Inverse Squares. 

(a) Pin a piece of white paper upon a drawing board to act as 
a screen. Fix the drawing board at right angles to a table in a 
darkened room. In front of the screen place a vertical rod 
abut i to 2 eras, in diameter (a retort stand will do). Beyond 
this, place to one side, a candle fixed on a piece of wood, and to 
the other side two candles, one immediately in front of the 
other, fixed on a block of wood. Notice that two shadows of the 
upright appear on the screen. Move the candles near each 
other so that the two shadows of the upright touch but do not 
overlap. Notice that one shadow, that cast by the two candles, 
is darker than the other, The latter shadow is illuminated by 
one candle, the other is illuminated by two candles. Now, move 
back the two candles until the shadows appear equally dark, 
that is, in equal contrast with the bright part of the screen. 
Then the two candles give just as much light to the screen as 
the one. Measure the distance of the one candle, and the mean 
dista e two. Compare these distances ; are they in the 

ratio Compare also the squares of the distances. 

Da -ae experiment with different distances, and again compare 
the squares of the distance. Hence prove that the illumination 
is inversely proportional to the square of ike distance. 
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(£) Using the same screen and rod as before, compare the 
illuminating power of a candle flame with that of a fish-tail 
gas burner or a lamp (Fig. 36). Place the candle, which can 
be conveniently fixed on a fiat piece of wood, at a measuied 
distance from the screen, say 30 cm. Move the lamp away from 
the screen until the shadows cast by the candle flame and the 
lamp flame are of equal intensity To accurately estimate this 



Fig. 36 —Comparison of the intensities ot the flame of a candle and lamp. 


you must arrange the flames so that they are the same height 
from the table, and in such positions that the two shadows on 
the screen just touch but do not overlap one another. 

The relative darkness of the shadows is more easily seen 
if the eyes be conti acted 01 half closed, especially when, as 
here, the light is of somewhat different colours. 

Measure the distance of the lamp flame from the scieen. V ary 
the distance of the candle from the screen, and find the cor* 
responding proper position of the lamp flame. Recoid . 


J he Shadow Photometer ( Rumford ). 


Distance of Candle from Che Screen* 

1 hstani c of 3 amp Flume from the Screen. 

1 


2 


3 


4 

— * — . — 
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Compare the squares of these distances. These are evidently 
tfbe ratios of the relative illuminating powers of the two sources 
of light ; and hence the comparison shows the candle power of 
' the$»mp or gas flame used. 


<«> 

CD. 


a v ; 

AVW 

> — 
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Fk;. 37. — Pin method of determining the laws of 
reflection of light. 


39. Laws of Reflection. 

Fix two strips of wood at right angles as in Fig. 37, AB, 
Against the upright slab place a piece of glass, EF y with 

blackened back so that 
reflection only takes 
place from the front. 
Upon the horizontal 
slab place a sheet of 
white paper. N otice 
that the reflected paper 
appears in the same 
plane as the paper itself 
when the mirror is 
vertical. Stick a pin, b y 
in the wood against the glass, and place another pin near the 
position a. Now procure another pin and stick it into the wood 
at c in such a position that 
r,£, and the image of a are 
in a straight line. Draw 
with a finely pointed 
pencil a line along the 
edge of the glass xy ; 

take glass and pins 
away. 

The paper will be 
marked by the pinholes 
and the lm£ xy (Fig. 38). 

Draw lines through the 
pinholes, and at b a normal to xy, that is, a linq, bd, perpen- 
dicular to xy. Measure the angles abd, cbd with your protractor 
and compare them. Repeat the experiment two or three times, 
with the pins in different positions, and so determine that the 
angle of incidence and the angle of reflection arc equal 


‘ / 


/ 

\ ■ 

/ 

v 

(C 


Fig. 38.— Angles of incidence and reflection of 
H^ht. 





t/ws Of reflection. 
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Observe that since the holes made by the pins are all on the 
same piece of paper with the normal, the incident ray , the normal, 
and the reflected ray are all in the same plane. Moreover, the 
reflected ray is on the opposite side of the normal from' the 
incident ray. 

40. Images formed by Plane Mirrors. 

(a) Place a knitting needle in front of a plane unsilvered 
sheet of glass fixed vertically in front of a dark background. 
Arrange another such needle behind the mirror in such a 
position that wherever the eye be placed, the needle behind the 
mirror always appears in the position of the reflected image of 
the first needle in the mirror. 

It is easy to arrange the needle in the right position 
behind the mirror, by observing that when this needle 
apparently moves more in the direction in which the eye is 
moved than the image does, the needle is too far behind 
the mirror and vice versa. 

Measure the distances of the two needles from the back 
of the mirror. They should be the same, thus showing that 
the image is. situated as far behind a plane mirror as the 
object is in front of it. 

(b\ Arrange two strips of looking-glass about an inch wide, 
parallel to one another, about twd or three inches apart, and at 
right angles to a piece of drawing paper pinned on a drawing 
bpaj:d. Stick a pin into the paper between the mirrors at a 
distance of an inch from one mirror. Using pins which are 
longer than the height of the strips of looking-glass, and adopt- 
ing the plan described in the last experiment, mark the position 
the first two or three images of the object appear to occupy. 
Remove the mirrors, join the positions of the pins with a straight 
line, and write down what you discover from the experiment 

(c) Obtain two pieces of looking-glass, each about 6x6 
inches. Connect an edge of one piece with an edge of the 
other with a sfrip of tape, so as to form a hinge. Place the 
mirrors upoh the table, with the hinged edges vertical, and 
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tl»e laces of die mirrors at right angles to each other. # Put a 
lighted candle between the two mirrors, and observe the number 
and positions of the images seen. Make a sketch of what you 
see* Place the mirrors so that the angle between them is 45 0 
and also so that it is 60 9 . Sketch the images seen m each case. 
Record the number of images and the angles between the 
mirrors, and use the numbers to determine the values for 
columns three and four below. Compare these .columns and 
express in words the conclusions they suggest. 


Angle between ' 

Number of 

360 

Mirrors. 

[ Images (*). 

1 Angle between Mirrors' 

! 

; 

! 

; 

! 



41. Concave Mirrors. 

(a) Fix a concave mirror vertically on any convenient support, 
tn front of it place a cork with a pin stuck in vertically, and 
observe that in some positions of the pin an upright magnified 
image is seen in the mirror, while in others an inverted image 
it teen. Move the cork Imd pin until this inverted image 
appetrt coincide with the pin itself (this being seen by 
moving the head as described in Exp. 40 (a ) ). When this is 
the case, measure the distance of the pin from the mlfror. 
The result is ,the radios of curvature of the mirror. Consider 
why this is so. 

(£) Arrange a concave mirror, screen, and lamp as shown in 
Fig. 39. The light of the lamp passes through a small hole in 
the screen having fine wires or threads fixed $crpss it at right 
angles. Move the mirror until a distinct of the cross- 

wires can be seen upon the screen near the hole. SSftien this is 
the' case the distance between the screen and the mirror is the 
radius of curvature. 
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(r) Cover the concave mirror with black paper, except a small 
part &t*the centre. In this way the aperture of the mirror is 



Fig. 39.— Determination of the radius of curvature of a cones vejtiirror. 

made small. Allow rays of sunlight to fall upon the mirror 
(these come from so great a distance that they can be con- 
sidered parallel). Move a very small paper screen up and 
down in front of the reflecting surface so as not to cut off the 
incident rays. Notice that at a certain point a. clear image of 
the sun is formed, and probablj the^screen will be burnt 

The point so obtained is called the principal focus of the 
mirror. In Fig. 40, F represents'this point and C the centre 



Fk,. 40. -IHincipal forms (F) and centre of curvature (C) of a concave mirror. 

of curvature. The parallel lines show the direction of* the 
sun’s rays. This point F, is midway between the mirror awd 
C) or the focal length is half the radius of curvature. 
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Coiftpare «tbe- foeaHfcogth with the radius of curvature. You 
will find dial focal length ** $ radius of curvature, or expressed 

by sythbols,/«£ 

(*f) Place a light and a paper screen on the same side of tKe 
concave mirror. Move them until the image of the flame on 
the screen is as distinct as possible. Carefully measure the 
distances d x and r/ 2 of the light and the screed from the mirror, 

and calculate the value 
this is constant. 

If d t is infinitely distant, as in Experiment 41 (c), it is 

evident that 4 -=o, and the expression becomes that is, 

"1 "2 


of the expression + Observe that 


1 Hence 1 


1 

~~L?' 

*2 r 


1 

F d x *d t 

Using this formula, calculate the focal length of the 
mirror. Perform several experiments and record thus : 


Distance of Light, from 
Mirror ~d x . 

Distance of Screen from ! 
< Mirror 

Principal Focal Length 
calculated from Formula. 





(e) Arrange the mirror, screen, and light as in the last experi- 
ment and use a candle flame or a small gas jet. v , 

i. Place the light in the principal focus of the mirror, and 
observe that you can obtain no image on the screen. Why is 
this ? 

ii. Place the light at the centre of curvature of the mirror. 
Where is the image formed ? 

iii. Place the light in any position farther away from the mirror 
than the centre of curvature. Determine the pbaStion of the 
image* It is always located between the principal ffccus and the 
centre of curvature. Also observe the image is in every such 
case real, smaller than the object \ and inverted. 
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(/) Cut a circular aperture in a piece of card ant! measure 
its diameter. Place the card in front of the candle, between 
the candle and the mirror, and move the screen until the 
image is dear and in good focus. Measure the diameter of 
the image, and also the distances screen and the 

circular aperture from the mirror. Hence prove that 

di$t of object ^ diam> ^ oh|ect 
dist. of image ~di~am. cJimage* 

In other words* the linear dimensions of object and image are in 
the same ratio as their distances from the mirror. 

Of) Place the light in any position between the principal focus 
and the centre of curvature. Using a larger screen* determine 
the position of the image. It is always situated somewhere out- 
side the centre of curvature. Also observe that the image is in 
every such case real, larger than the object, and inverted 

(//) Having obtained the position of the image either as in 
(e) m. or (/), interchange the light and the screen. Observe 
that the image is formed where the light originally was. These 
interchangeable positions are called conjugate foct. 

(/ ) Place the light between the mirror and the principal focus. 
Observe that the image appears in the mirror. It is not real, 
because it cannot be formed on the screen. It is called virtual. 
The image is larger than the object, and is era /, not inverted 


42 Convex Mirrors. 

(a) Substitute a convex mirror for the concave one used in 
the preceding exercises. Observe that wherever the light is 
placed the image is formed behind the mirror, that is, it is 
always virtual. Notice also that the image is erect, and 
smaller than the object 

(b) Fix the convex mirror in a convenient support Place 
a pin, B, in front of the mirror at the distance of % or 4 inches 
Then at C and D place two pins so that they appear to be in a 
line with the image of i?. Do the same at C x ax4 D t Then 
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mark the position of the mirror, and remove the pins. Join CD 
C t Dv Wl produce them to meet in B v This is th<? virtual 
image of B, Observe it is nearer to the mirror than B> Mea- 



FlG. 41.-- Detcmiinaiiow of the focal length or a convex nrurro*. 


sure the distance of B and from the mirror. , Call them d A and 

d T Then -i - 1 is the focal length of the mirror. 
d\ 


CHAPTER VI. 

. REFRACTION OF LIGHT. 

43. Befraction at on© Plan© Surface. 

[a) Obtain a rectangular metal box, such as a cigarette box, 
antj put a wooden or metal scale on the bottom. In a 
darkened room let sunlight fall slantwise against the edge. 
The side of the box throws a shadow which reaches, say, to 
C (Fig. 42), which, since light travels in straight lines in the 
same medium, is a continuation of the rays of sunlight AB. 
Without disturb! ng anything, fill the box with water. The shadow 
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no longer reaches to C, but only as far as D< Clearly the light 
waves have been bent or refracted out of their original course. 
Notice that NN' is the normal, and that the light travelling 



Fig, 42.— Refraction of light by water in a Hough. 


from the comparatively rare air into the comparatively dense 
water is refracted towards the normal. 

This experiment illustrates the general fact of the devi- 
ation experienced by a ray of light in passing from one 
medium to another of different density. The laws of refrac- 
tion can be determined by a simple experiment 

44. Refraction at two Plane Surfaces. 


(a) Upon a piece of board, A BCD (Fig. 43), place a sheet 
of paper, and upon the 
paper put a piece of 
fairly thick glass, EB\ 
with parallel sides (a 
thi?k piece of glass from 

a box of Weights, a paper Fjg. 43. — Pin method of determining refraction 
weight, or a number of by a rectangular block of glass. | 

slips of microscope glass, or several strips of wjjgjpw glass tied 




6o 


EXERCl&fcS I& PRACTICAL MlY§tC& 


together will do very well). Rule along the edges of Jhe glass 
with a finely pointed pencil. Place two pins, a , 4 as shown 

in the illustration, and 
* then, looking through 
the. glass from the other 
side, stick in the pins 
c>d so that all four ap- 
pear in a straight line. 

Now take away the 
glass ahd pins and join 
the pin-holes on; the 
paper as shown in Fig. 
44. Draw the normal 
ebf and the circle elfg. 
Draw Im and gk per- 
pendicular to ebf and 
compare the lengths /w, 
gk. Obtain the ratio 
Im 

for different positions 

gk 

of the pins ; it will be 
found practically the 

same in all cases in which the same material is used. 

Notice that the direction of the ray cd y emerging from the 
glass, is parallel to that of ab. 

These experiments will enable the general rules of re- 
fraction to be well understood. The laws of refraction 
are : 

2 . The incident ray , the normal , and the refracted ray 
are all in the same plane. The incident and refracted 
rays are on opposite sides of the normal. 

2. If a circle he described about the point of incidence , 
and perpendiculars be dropped upon the normal from the 
intersections of this circle with the incident and refracted 
rays, the ratio of the lengths of these perpendiculars is 
constant for any two given media. This ratio is called ^ 
the index of refraction of the substance. 


B 

m 


BBIIPP 






Fit;. 44.— Laws of refraction determined by the 
pin method. 
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46. Additional Methods of Determining the Index 
of Refraction. 

(a) Cut a circular piece out of ruled paper and place it at the 
bottom of a jar of water. From the same sheet cut a semi* 
circular piece to fit the outside of the jar. Place this around 
the bottom of the jar outside, and look down the jar. The lines 
of the inside piece appear farther apart than those of the outer, 
that is, it appears to be higher. Raise the outside piece until the 
lines appear of equal distance apart. Measure the distance 
of the two pieces from the surface of the water. Then 
real depth — apparent depth = index of refraction. 

(/>) Using similarly a piece of ruled paper cut in two, plaice 
one piece under a slab of glass about an inch thick (several 
pieces placed together will do), and raise the other piece by 
putting cards below until the distance between the lines appears 
equal to that on the piece below the glass. Count the number of 



Fig, 45.— To illustrate Exercise 45 (c). 

cards required, and find the whole number giving a thickness 
equal to that of the glass. Suppose these numbers are and 
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(b) Find the focal length of a convex lens by forming a 


V* 


Fig. 47 — Principal focus of a lens 


distinct image of the sun upon a screen, and determining*, 
the distance of the screen from the lens. 

48. Indirect Method of finding Focal Length of a 
Convex Lens. 

(a) Arrange a lens in a clip on a stand. On one side of it 
place a small gas jet or a lighted candle, and on the other side 
a screen (Fig. 48). Adjust the distances of the light and screen 
until a clear image is obtained. Repeat the experiment for 



Fig. 48.— Formation of image by lens. 

several positions of the light Measure the distances of the light 
(d x ) and screen (ay from the lens. By the same reasoning as 




RINDING FOCAL" LENGTH OF A CONVEX LE%;, 05 

was employed m tbe experiments with a concave mirror (pp. 54~7)» 
it can be shown that 

ix f 

d\ + d^r 

Use this equation to determine the focal length of the tans 
you are using. 

It is a good plan, in ordei; fc© be sure of an accurate 
result, to arrange cross 'wit 0 fMn front of the light and to 
use these as the object. Pimch a Circular hole in a piece of 
cardboard, and stick, by means of sealing wax, two pieces of 
fine copper wire across the hole at fight angles. (Fig. 39 } 

( 6 ) Arrange a light screen, "as shown in Fig. in the 

place of the mirror a convex lens having a plane mirror 
close behind it. By slightly turning the mirror in one direction 
or another an inat^gc of the cross can be seen near the 

hole in the screen. Move the tads* until this image is distinct 
The distance between the lens m& the screen is tl&isn the focal 
length required. /■ "r 

In this experiment the reflected. rays travel brltk along 
the same paths as the incident rays. The only rays that 
can be reflected from the mirror in l^e same paths as they 
strike the mirror are those that are ^formal to the surface. 
The mirror thus reflects rays which are parallel to one 
another, and the distance of the tans from the screen 
when the reflected image is distinct is therefore the focal 
length. 

49. Eolation of Image to Object. 

(a) Having obtained the position of the image as in Exercise 
48(a), interchange the cross wires and screen and satisfy y<swf#blf 
that the image is now formed where the object originally was. 
Repeat for other positions'. Such pairs of positions are called 
conjugate fod. Notice that in both experiments the image is 
Averted. 

(b) Place a convex lens at such a distance from a small object, 

Tor instance the print on this page,, that the object is betweeh 
the principal focus and the Notice that the print is 

P.P n. 
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magnified — in other words, the image is on the same side of the 
lens t he object^ and is erect md magnified \ 

used in this way constitutes a simple microscope. 

(r) Arrange the cross wires, lens, and screen as in Experiment 
4$ (a). When a clear image is obtained measure the distance of 
the cross wires and also of the screen from the lens. Similarly 
measure the size of the cross- wires and of the image. Prove : 
size of image distance o f image 
size of object ' distance of object' 

60. Principle of Astronomical Telescope. 

(<?) Fix a convex i&ns of a long focal length to form a real 
image of any object AB on a card placed at ab (Fig. 49). Next 
place on the other side of the card a convex lens of a short focal 



Fig. 49. —To illustrate the principle of .construction of an astronomical telescope. 

length in such a position that, looking through it, writing on the 
card is seen clearly magnified If the card is taken away the 
image formed by the first lens is seen magnified. Such an 
arrangement of lenses forms the ordinary astronomical telescope. 

51. Focal Length of Concave Lens. 

(a) Though there is no real image formed by a concave lens, 
its focal length may be obtained by combining the lens with 
a stronger convex lens. Measure the focal length (1} of the 
convex lens itself **F and (2) of the combination of concave 
and convex lenses by Experiment 48 (z>). Calculate the 
focal length /of the concave lens by the formula : 

1 I l 




CHAPTER VII. 


COMPOSITION AND ANALYSIS OF LIGHT. 

52. Composite Nature of Light. 

(a) Di'pmdOft by a Prism . — In a piece of card cut a slit about 
2 cm. loif and 2 mm. wide. Place the card, with the tdit 
vertical, m front of a fish-tail gas flame Arrange a prism on a 
stand so that it is of the same height as the and has its 
retracting edge verticaL Put the prism a short distance from 
t%c slit, and look into it so as to see the image of the slit 



Fig. 50. — Decomposition of light by. a prism. 


Observe that the light is lefracted towards the base of the prism 
and that it is decomposed into constituent colours, which are 
differently bent by thfc prism. The violet light is refiacted most 
and the red light least Colours between these limits are bent 
by intermediate amounts. Name the colours you can see. 

The band of colour is called a specimen ; the light is said 
to be dispersed by the prism. The refrangibiUty of violet 
light is greater than that of red. 

(b) Increase of Dispersive Action .— Place a &&&&& prism by 
the side of the first, with its base in the same directi<fS>. Observe 
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that the light is bent still more out of its course, and $lso that 
* the band of colour is longei^ or t^ e distance between the extreme 
violet and the extreme red is much greater than with one prism. 

. w . The dispersive power of the two prisms is thus greater than 
that of one. 

(V) Recomposition ^,pigp&**?R.e.verse the position of the 
second prism, that is,* arrange it so that its refracting angle 



Fiu 5i. — Recomposition of light. 


is- in the same direction as the base of the first (Fig. 51). The 
band of colour disappears ; thus the effect of the second prism 
is to neutralise the dispersive action of the first. 

(d) Minimum Deviation . — Arrange a prism and slit as iu the 
preceding exercise, but instead of a gas fiame use a Bunsen 
burner, coloured yellow by sprinkling salt over it. Notice that 
only a single yellow image of the slit is now seen. Turn the 
prism and observe that the displacement of fhe imagefrom the 
original direction of the beams from the slit change^and that 
for one position of the prism it becomes a niiniPhdtm , the 
displacement increasing in whichever direction the prism is 
turned. 

Observe that in this position of minimum deviation the light 
passes symmetrically through the prism, making equal angles with 
the sides both when incidence and emergence occurs/ Observe 
also that the image of the -slit appears brightest when the prism 

in the position bf minimum deviation. [See Exercise 46^).] 
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53, The Spectroscope 

A spectroscope (Fig. 52) consists essentially of one or 
more prisms, /*, with a collimator, C f having a slit at one 
end for limiting the breadth of the beapi Ml making the 
rays parallel, and a small telescope, T t |d$ viewing the 
analysed light 



(a) Examine your spectroscope and compare its parts with 
hose shown m Fig. 52. Adjust the prism for minimum 
leviation by rotating it in the manner described in Exercise 


64. ContinuouB and Bright Line Spectra. 

(a) Place a fish-tail burner a few inches ik frput of the slit of 
he spectroscope and examine the light by looking through 
he telescope. You will see a continuous band # of colour, 
examine also the light radiated by a white hot crucible and 
>y a lighted candle. 

(b) Examine the non-lummous flame of a Bunsen burner by. 

neans of the spectroscope. While looking through the 
icope, let somebody hold in the flame a piece o£ platinum wire 
noistened with a strong solution of common sa$L Instead of 
1 continuous spectrum you obtain a single line, 

vhich may, however, be seen as a double lipSp ywr prism 
s capable of dividing* it- Using another plating 
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tute a solution of washing soda or other compound of sodium 
for the common salt solution. Observe that you still obtain the 
same; yellow line as before. 

(<r) Repeat the experiment, using a clean platinum wire in 
each case, and employing, in order, solutions of the chlorides 
of lithium, thallium, strontium, and calcium. 

(if) Examine the spectrum of magnesium by burning mag- 
nesium ribbon a few inches in front of, and just below, the slit. 

These experiments show that when certain substances 
are con verted’ into gas, the vapours emit light of definite 
colours, and each substance has particular colours of its 
own. An incandescent or white hot substance, however, 
emits light of all colours. Every coloured line seen in 
the former case is realty a coloured image of the slit of 
the spectroscope. When an infinite number of these 
coloured images arc arranged together, a continuous spec 
trum is produced. 

65. Effects of Absorption of Light. 

(a) Introduce sheets of coloured glass between the slit and 
the flame of a fish-tail burner and observe the effects produced. 
Carefully record your observations. 

The coloured glasses absorb certain constituents of white 
light. Thus, a blue glass absorbs all the colours except the 
blue, indigo, and violet. A red glass similarly absoibs all 
the light except the red and perhaps some of the orange. 

(b) Place a piece of deep green glass and a piece of ruby red 
glass together between the slit and the light. All the colours 
are absorbed, and nothing is seen on looking through the 
telescope. 

(c) Take a piece of ruby red glass and a piece of deep green 
glass. Why do they appear red and green? View' their 
absorptive spectra. 

What coloured light passes through the green glass? Look 
at some red, yellow, blue, green, etc., objects through this, and 
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explain why they appear of the colours you see. Do the same 
with thfe red jjass. 

(d) Take the two glasses in a dark room with two candies. 
Place a screen upright, and in front ofit place a candle and 
the red glass. What colour does 'the screen' appear ? 

Do the same with the green glass, and then place both glasses 
alongside with a candle behind each, so that the screen is 
illuminated by light through each. What colour does it appear, 
and why? * 

(£) .Introduce a test tube containing some copper turnings 7 
and moderately dilute nitric acid, between the light and the slit. 
On looking through the telescope the spectrum will be peen 
to be traversed by a series of dark bands. The brbvnt gas 
evolved from the nitric acid has the power of absorbing certain 
of the constituents of the white light, and the black bands 
occur in the places of the light which has been thus absorbed. 

(/) Place a few crystals of iodine in a test-tube plugged 
with cotton wool. Pleat the test-tube in a Bunsen burner flame, 
and then hold in front of the slit as before and observe the 
absorption spectrum of iodine vapour. Draw a picture of what 
you see. 

60. Selective Absorption with Reference to Dark 
Lines in the Spectrum of Sunlight 

(a) Bum a little salt, or better, a piece of metallic sodium, in 
spirit lamp or Bunsen burner placed near the slit of the spectro- 
scope. While the substance is burning, start &n ’ oxy-hydrogen 
lime-light so that its beams have to pass through the sodium 
flame to reach the slit of the spectroscope. The sodium lines 
will be seen not bright as before, but as dark lines upon a 
continuous spectrum. Turn off the incandescent light, or block 
it out by means of a screen, and the sodium lines will agaM 
be seen bright and alone. 

The flame is not altered by the light passing through it. 
It may therefore be concluded that the lines are seen dark 
by contrast with the bright continuous spectrum of the 



72 EXERCISES IN PRACTICAL PHYSICS. 

lime-light. By placing lithium, or thallium, or any other 
substance upon the flame, and passing the beams ffom the 
incandescent cylinder of lime through it, each set of lines 
is seen dark upon ri continuous spectrum instead of 
appearing as bright and differently coloured images .of 
the slit. Thus, each element burning in the flame blocks 
out from the continuous spectrum the lines of which its 
own spectrum consists. 

(£) i Reflect sunlight through the slit of the spectroscope by 
means of a mirror. Examine the spectium. Observe that 
it is traversed by dark lines. These are produced by the sun’s 
atmosphere absorbing the light of the nucleus just as the 
substances in the preceding experiment absorbed light from the 
lime-light. 

(c) Burn a little salt in a flame and observe the spectrum. 
Adjust the telescope so that the vertical wire or pointer seen 
in it is exactly over the yellow line. Then without disturbing 
the adjustment or the prism, turn the spectroscope towards 
sunlight and observe the spectrum. Is there a dark line 
having the same position as the sodium line upon which the 
pointer had been placed? If so, the coincidence, considered 
in connection with what you have previously learnt, suggests 
that sodium exists in the suit’s atmosphere in the form of 
vapour. See whether any other bright line spectra are co- 
incident with lines in the solar spectrum. 



CHAPTER VIII. 


SOUND : TRANSVERSE VIBRATIONS^ 

57. Sound is tb© Result pf Vibration. 

(a) Sound the tuning fork provided, either by^Jknoc$smg it on 
the table or by bowing the prongs. Place the prongs gently 
against the teeth. You uill have no difficulty in per<:dvm5f 
that the prongs are in a state of rapid vibration. - / 

9 (£) Sound the tuning fork while it is resting on its sounding 
board. Bring near it a pith ball pendulum, allowing the ball to 
touch one of the prongs. Notice that the vibrations of the fork 
are imparted to the pith ball. 4 

(c) Invert a bell jar, and fix it in a clamp. Set it vibrating by 
bowing the rim- Bripg up the pith ball pendulum, and observe 
that it is set into rapid vibration. 

(d) Sprinkle sand on a funding drum or tambourine, and 
examine the vibration of the sahd grains. 

(e) Pluck a violin or other stretched string and release it,- 
observe the spindle-shaped appearance owing to the rapid 
vibration of the string. Note, also that the breadth of the 
spindle, />. the amplitude of the vibration, decreases as the 
sound becomes fainter. 

58. The Vibration of a Tuning Pork. 

{a) Examine the motion of a tuning fork. Fix, by means ,of 
soft wax, a flexible style to the end of the prong of the fork pro*/ 
vided. A good style can be made by means of a final! piece of 
thin iron wire or by drawing out a piece of soft glass tubing in a 
gas dame* Blacken a sheet of glass over a dame. In 
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T - ■ r * 

blackening glass, a piece of either wool or blotting # paper 
moistened with benzine or turpentine gives a fine smok/ flame, 
and there is no danger of cracking the glass. Strike the fork 




FtG. 53. -—Vibrations of a tuning fork traced upon smoked glass, 

and draw the style over the glass. A wavy line will thus be 
scratched (Fig. 53). Examine this line. 

(b) Simultaneously draw two forks, giving different notes, over 
a sheet of smoked glass. Find the number of undulations in the 
lines drawn by each fork in traversing a given distance. These 
are in the proportion of the number of vibrations made by the 1 
forks in a second. 

(r) Hold the tuning fork in the right hand and a sheet 
of lightly smoked glass in the left ; strike the tuning fork 
sharply on a pad and hang it up so that the style touches the 
smoked surface, then immediately drop the glass. After one or 
two attempts, a good tracing of the vibration will be obtained. 
Mark the«point where the tuning fork first touched the glass, 
and another near the end of thfc traced line. Count the vibra- 
tions between these two marks, and measure their distance 
apart. Calculate the time the plate took to fall this distance 
and so determine the number of vibrations per second. 

It has been shown in Part I. (p. 162) that the formula 
s = gt 2 holds good for a falling body, where s represents 
the space fallen through, g the acceleration due to gravity, 
and t the time of fall. By means of the preceding exercise 
you ’determine r, and you know the value viz. 32*2 feet 
per second. You can therefore determine /, for, evidently, 

t 2 ** Having found t and the number of waves in the 

space through which the glass falls in the time /, you can 
calculate how many waves would be. produced in one second, , 
that is, the number of vibrations per second of the fork. 
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* is 


In^eadbf holding the glass plate and fork in the hands, they * 
may be fixed as shown in Fig. 54. The fork F is then set m 


vibration by bowing the prongs $ 
and while it is vibrating, the thread 
Around the pins «, ft\ is burnt, 
causing the plate to fall. The same 
measurements and calculations are 
then made as before. 

59. Construction of a Mono- 
chord or Sonometer. 3 

(a) Take a stout board 3?e<JUbng 
and 4 inches wide. At r inch trim 
one end and i| inches apart make 
holes for and screw' in two iron 
screws, leaving their heads about 
I inch above the board ; the holes 
are to be ;sc bored that the heads 
of the screWs are slightly inclined 
tow a*®* the end of the board. In 
corresponding positions at the other 
end of tfife board fix a small pulley 
and an iron wrest pin at an angle of 
45°. The pulley i$fto be near enough 
to the end of the board to allow 



Fig. 54.— Dropping plate ap- 
paratus for determining the fre- 
quency of a tuning fork. 


a wire passing over it to hang freely, and of such a height that 
the wire rests upon but is only just deflected by the end bridge ; 
the wrest pin is to fit the hole stiffly so that it may be turned 
with a key. Cut two hard wood bridges 3 inches x inches x 
f V. ich > bevel lhe u PP er side of each bridge to a blunt edge, and 
along this edge fix a stout brass wire for the stretched wires to 
bear upon. Glue the bridges in position equidistant from the 
ends of the board with the centres of the brass wires exactly 30 
inches apart, Make a paper scale 30 inches long divided info* 
h inches and fix on the board between the bridges. Twist a 
loop on the end of a steel or other wire about $ feet 6 inches 


3 Adapted from the syllabus of the course of Practical Physic® at the 
Royal College of Science, South Kensington. 
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long, and slip it over the head of the screw on the boar<f, pass 
the other end through the wrest pin. -This wire we shall refer 
to as our fixed wire. Place a similar wire on the other screw 
and over the pulley, making a loop at the pulley end for hanging 
weights. Make two hard wood movable bridges | inch higher 


m 



Fig. >;5. — A monochord. 


than the end ones and also faced with brass wire. The instru- 
ment thus constructed will be similar to that shown in Fig. 55, 

60. Experiments with a Monochord. 

(a) Tighten the wire of the monochord until it vibrates, giving 
a musical note Place in the bridge and move it, and, plucking 
the wire, observe that the note emitted is higher' when the wire 

is shortened* 

Take' the two forks, the frequencies of which have already 
been compared; move the bridge until, the wbe emits the same 
note as fork 1, and /n ensure the length of the vibrating wire; do 
the same for fork 2. ! r 

Compare with fr '' c l uenc >l 2 . 

, length 2 frequency 1 

and thence deduce that the number of vibrations per second is 
inversely proportional to the length of the wire . 

(b) At the intervals corresponding to §, g, and J of 

the length of the fixed wire mark the letters D, £ 1 F y G, A, B, 
and C, on the scale of * your monochord. By means of the key 
placed over the wrest pin, alter the tension of the fixed wire till 
it i& in tune with the fork given you when the Movable bridge 
is placed on the letter of the scale corresponding to that of 
the fork. 
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Now place the movable bridge successively at the other 
intervals, and observe the sequence of the notes when the wire 
is set in vibration by plucking. These notes are those of the 
musical gamut. 

* It has been seen that the vibration number of the note 
emitted by the sounding wire is inversely proportional to 
the length of the string, that is, the shorter the stripg the 
higher the note, and inasmuch as the Intervals marked 
on the scale have been arranged in the inverse ratio of the 
vibration number of the gamut, you have in your experi- 
ment obtained the notes of the gamut. 

(c) From the above see that the frequency ratios in the 
gamut are- -24, 27, 30, 32, 36, 40, 45, 48 ; the last note, having 
a frequency double that of tine first, being termed its octave, 

61. Variation of Note with the Mass of Unit 
Length of Vibrating String. 

(a) Stretch- a second wire, A , on your monochord by means of 
a load of say 14 lbs. attached to the end of the wire which 
passes over the pulley. Find the length of the fixed wire which 
gives a note in unison with this second wire. Substitute another 
wire, of any material, and stretch it by the same load ; find the 
length of the fixed wire which «gtves a note in unison with this 
also. Next cut off equal lengths of the two wires employed, 
find their masses, and compare them thus ; 


Lengths of Pixel* 

Relative Frequencies 

Relative Masses ok 

Wire. 

of Movable Wires. 

Unit-Length ok Wire. 

B 

A 




It will be found that the relative frequencies are in the 
inverse ratio of the square root of the relative masses, that is 

f requ ency B / mass 1 c m. oi_A 
frequency A~ ' mass 1 cm. of B 



?&* ; mmcisKs rW v^kj^criCTiL physics. 

Hence it follows that if wires of the same material be i 
the frequencies . Are inthe i»versg.mtio of the diameters.^ 
following experiment proves this. ^ ^Vr s 


^he 


02. 'Variation of the Note with the Diameter of 
a String vibrating transversely. 

*' (a) Stretch a wire, A, on your monpchord by means of a 
load, say 28 lbs., attached to the end of the wire which passes 
over the pulley. Alter the position of the movable bridge 
placed under this wore until the note emitted by the wire, when 
it is plucked, is in tune with your tuning fork or a certain 
length of the fi^ced ware. Note the length of the wire A 
which .vibrates under these conditions. 

Substitute a. second wire, B , of the same, material as A but of 
a different diameter. Ascertain where the movable bridge must 
be placed in order that the wire B when stretched by the same 
load may emit a note in tune with your fork or the same length 
of your fixed wire. Similarly record the length of the wire B. 

Measure the diameters of wires A and as in Experiments 
15 {if) and 15 {e) (Part I). Record thus: 


Kind or Wiktc, 

-S rRj /i cm Nr. 
IjOad Usko. 

1 jp NOTH OF WlkK 

IN Unbon WIT,, OF 

Stand. w. Non-.. " IHF - 

« 

. . liL. ’ — ~ . 




Show by calculation that 

Diameter of A Length of /> 
Diameter of B ~ Length of A' 


If any difficulty is experienced in telling when the notes 
are exactly in tune, the way to proceed is as follows: 
Keep the hand on the board, and it will be noticed that 
when the notes are very nearly in tune that u beats” will be 
felt These become less and less frequent as the notes 
become more and more in tune until, when unison is 
perfect, they disappear. 



THAN$V'ER8*E' VIBRATIONS OF WIRES. 


n 


63 ? ' Variation of Note with the Tension of a 
Transverse Vibrating String. 

(a) Stretch a wire on your monochord by the smallest load 
that will give a clear note. Place the movable bridge at such a 
position that the wire is in tune with your tuning fork. 

Increase the stretching load, and move the bridge until the 
note given by the wire is in tune with your fork. Record in 
every case the length of the wire which vibrates and the amount 
of the stretching load. 


S i retching Load. t ^Stretching Load. t Length or Wir* 



Show by calculation that for a given note 


^stret c hing weight ( I ) length ( I ) 

^stretching weight (2) length \2j 
and similarly for other wires. 

The lengths for the same number of vibrations, and there- 
fore the number of vibrations for equal length**. £te thus 
found to vary directly as the square roots of- the stretching 
loads. The student idiould carefully consider and satisfy 
himself that this deduction is correct. • 

(//) Place a wire on the monochord and Stretch it by a known 
weight. Find the length required to give a nbte in unison with 
the tuning fork of which the actual frequency is known. Weigh 
a measured length of the wire, and find the mass (///) of 1 cm. 
Express the "stretching weight in dynes 1 (T), and hence test 
the following relationship. 

Number of vibrations per second—- • 7 * \ 
r 2 t ' m 

1 A dyne is the force which, acting upon a gram for one second, generates 
a velocity of one centimetre per second. The weight of x grant is g dynes, 
and of m grams is mg dynes. The value of g may be taken as cm. 
per second. (See Part I., p. 162.) 



So 
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64 , Nodes in a String vibrating transversely. 

(a) Place the bridge accurately at J the length of the stretched 
wire, and along the longer portion place 12 or 16 small paper 
riders (Fig. 56) at short intervals. Throw the 
short length into vibration by a bow, and note 
Jpl that the paper riders are thrown off, except 

Fig *6 A aper ^ 10se at or near a P oint 3 tiie of tbe 

“ rider M on a wire. wire. Do the same with the bridge at | the 

length, and observe the formation of two points 
of no vibration, that is, two nodes. Similar experiments should 
l,e done with the bridge at distances of J and J of the wire from 
one end. 

In Fig. 57 the letters r/ mark where the riders will stay 



Fui. 57.- -Nodes and am. ‘nodes in a siring JUn-ped at different places, and set in 
trnnsver.se vibration, 


on when a wire is vibrating in 2, 3? 4 » an d 5 pmls, and the 
letters % v* show where the wires will be thrown qff. 


CHAPTER IX. 


SOUND: LONGITUDINAL VIBRATIONS. 

65. Vibration of a Column of Air, and Determina- 
tion of the Velocity of Sound. 

f 

(a) Nearly fill a tall cylinder with water and put into it a 
wide glass tube, open at both ends, and arrange a stand near to 
clamp the tube in any position 
X Fig.: 58 ). Select a tuning fork the y 

Vtbhftion number of which is known, 
a iid 'ag tiod th e r by bowing the 

prongs by striking- it on the 
table?, oj) H$Sl*^he sounding fork 
above the*|ftbc and raise or lower 
the tube In. the watef until the 
position at whfth tire tube resounds 
or resonates ’most loudly is dis- 
covered. (The experiment must'be 
dp$e in a quiet room*) Clarnp the 
tube in this .position and carefully 
measure' the distance from thedevel 
of the water to the open end of the 
lube.' From these data calculate 
the velocity of sound in air, at the 
temperature of the room* 

The length of the cdlumn 
of air which is sounding its 
lowest note is one quarter of 
4:h6 "wave-length of the note 
^emitted by the fork; and the Fig. 58.— Deterwfoaficm. of . tke 
velocity of sound per second somld ltl mi ** mtam of 

fe— equal to the number of 
P.'fr, II. F 
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waves in a second multiplied by the length of one of^bsw&.“' 
Hence, 

Velocity of sound per second Vibration 4 times the 

in air at the temperature =* number of x length of 
of the room tuning fork column of air. 

(b) Repeat the last experiment, moving the tube up and 
down in the water, and observe there are several positions of 
maximum resonance. Measure the lengths of the column of 
air in each case and multiply by f, f, f, etc., according as ther^ 
are 1, 2, 3, etc., nodes besides that at the surface of the water. 
This will give you the wave-length of the note, and you can 
proceed as before to obtain the velocity of sound. 

{<) Fill the tube with carbon dioxide and again perform the 
experiment Compare the velocity of sound in air with that 
in this gas. Also compare the square roots of their relative 
densities. You will find that 

v x : : •Jdy 

\d) Assuming the velocity of sound already found, calculate 
the frequency of a tuning fork by finding the length of the 
column of the air which resonates to it 


00, Longitudinal Vibrations of Wires. 

(a) Fasten a long thick copper wire to a drawing board (or 
other large board) by two holes, and fix the board upright at one 
side of the room. Stretch the wire by means of a hook at the 
opposite side, and rub it lightly with a resined cloth until it 
gives out a clear musical note. Find the length of wire of your 
monochord required to give the same note. 

Alter the tension of the wire, and observe it has no effect on 
the note. 

Fix also a wire of the same material but of different diameter^ 
and make this vibrate ; observe that it again gives the same 
note, hence the diameter has no effect upon the note. 
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’'"'•'^/^pieans of pliers tightly grip the wire at some point, and 
fmd the length of monochord wire which /.gives- the new 
note. The frequency is found to be inversely proportional to 
length* * , \ 

• Use wires of different materials, and see that the frequency 
changes. 

The velocity of sound in these wires is equal io twice the 
length of the vibrating wire x number of vibrations per second. 

U se this relation to compare the velocity of sound in copper 
and iron. 


87. Longitudinal Vibrations of Rodu. 

k (a) Tightly clamp a long wooden rod at its middle point, or 
firmly hold it in the left hand. Take a piece of chamois leather, 
sprinkled with powdered resin, in the right hand. Beginning 
to rub near the left hand, draw the resined leather along the 
rod to its end. Continue the rubbing, and observe that a note 
is emitted by the. rod. 

The rod is set into longitudinal vibration . Since the rod 
is firmly grasped at its middle point, it is clear that at this 
place the rod is at rest or cannot be vibrating there. The 
ends of the rod are in most ‘rapid vibration. The middle of 
the rod is a node. In this case 

wave length ~2X length of rod, 

and, as in the case of the vibrating column of air (Exercise 
65 ( a )), : 

Velocity of sound Number of Waves, 

, 2 x length of 

in the. rod m =*■ or vibrations m x j 

a second a second 

(b) To find the vibration number of the rod used in the pre- 
ceding exercise, take the tuning fork, the vibration number of 
which is known, and find what length of the fixed wire of your 
mottochord vibrates in unison with it. Cause the fod to squad 
exactly as in the preceding exercise, and similarly find what 
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length oS the fixed wire vibrates in unison with it. Repeal^Hl 
other rods. Record your results ; 


Longitudinal Vibration of Rods. 


Kind of Rod. 

Length of Wire which 
vibrates in Unison w ith 
Rod A . 

Length of Wire which 
vibrates in Unison wifh 
. Tu n in g F 01 k -- B. 


} 



Calculate the vibration number of the rod from the result 
obtained in Experiment 67 (/>), thus 

vibration num ber of ro d _ length of wire B 
vibration number of fork length of wire A 

(c) Using the relation discovered in Exercise 67 (a) i calculate 
the velocity of sound in each of the rods. 


Vibration Numb** 
of Rod. 

Length of Rod. 4 

Wave-length of 
Note emitted by 
Rod. ; 

Velocity of Sound 
in the Rod. 

^ __J 1 

1 

j 

1 „( 


! 


68. Comparison of Velocity of Bound in a Bod 
* , with that in Air by Dust Figures (Kundt’s 
method). 

(a) Clean and dry a long glass tube having a diameter Of 
about an inch and a length of about six feet. You can do this 
by tying a plug of dry warm Cotton-wool to the middle of a long 
piece of string, 4nd, threading the tube upon the string, work 
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tht-'^ug of wool up and down. It will repay you to give some 
time to this process of drying and cleaning, as the success of the 


experiment depends upon the state of the 
inside of the tube. Put some perfectly 
dry lycopodium powder, or if you cannot 
get this, use some cork dust (obtained by 
rubbing a cork upon coarse glass paper), 
into the tube, and gently tilt the tube 
until the dust is arranged as a thin regular 
line along its whole length. Loosely close 
one end of the tube with a cork. Clamp 
one of your long wooden rods by its middle, 
and carefully insert one of its free ends into 
the glass tube, or fit it into the tube as shown 
in Fig. 59. It is better to first tack on a 
circular piece of cardboard rather smaller 
than the internal section of the glass tube. 
Rub the outside end of the damped rod with 
the resitted leather and move the cork or 
glass tube itself, until the dust figures 
produced are most distinct. The glass 
tube should rest horizontally in V-shaped 
supports. 

Measure the distance between n places 
where the dust is gathered, and divide by 
the number of spaces which occur in this 
distance (that is n ~ 1). This will give you 
half the wave length of the sound wave hi 
air. As you know, the length of the rod is 
itself half the wave length of the sound 
wave in the material of the rod, and 
consequently 

velocity M sound in air 
velocity of sound in rod 

half wave-length in ah 
half wave-length in rod’ 

Use your observations to compare the 
velocities of sound in air and in the rod 



t.10. 59,— Tube and 
rod fitted for the pro- 
duction of Kundt’s 
dust figures. 
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09. Interference of Vibrations. 

(a) Gently cause a tuning fork to vibrate.' Holding it verticall) 
between the finger and thumb, bring it near the ear, and rotate it, 

Notice that in four posi- 
tions the sound will cease 
entirely. The waves from 
the separate prongs when 
the fork is in the position 
of silence reach the ear in 
exactly opposite phases 
and produce silence. 

(7>) Obtain two similar 
wide-mouthed bottles oi 
about 8 07.. capacity, and 
two pieces of glass about 
2 inches by 2 inches. 
Hold a vibrating fork to 
the mouth of one of these 
bottles, and slide one piece 
of glass over the mouth 
until the air in the bottle 
resonates loudly to the 
fork. Fix the glass* by 
soft wax, in this position, 
and do? the same with the 
second bottle. 

Hold the fork above one of these bottles and slowly rotate it — 
in certain positions the resonance is almost nil. The different 
positions for this silence or minimum resonance should be 
observed. 

( c ) Fix the two bottles at right angles, and hold the vibrating 
fork horizontally (Fig. 6o); move it slowly up and down and 
observe a position of silence ; when this is found, cover the 
mouth of one bottle by a piece of card and observe the Ibud 
resonance of the other. 



Flo. 6a --Interference of sound waves. 


CHAPTER X, 


PROPERTIES OF MAGNETS. 

70. Lodestone as a Natural Magnet. 

(a) Examine the piece of lodestone provided. Dip it into 
iron filings. Observe that the filings adhere in tufts to pertain 
parts of the lodestone. 

(b) Take a second piece of lodestone which has been roughly 
shaped so that the places where the filings adhered are now 
situated near its ends. Sup- 
port the piece of lodestone 
by a silk fibre and hook as 
shown in Fig. 6i, and prove 
that even if at first arranged 
in any other way, the piece 
of lodestone, after swinging 
for some time, eventually 
comes to rest along a certain 
line, and one end of the lode- 
stone, which you can mark 
with chalk, always points in 
the same direction. 

(« c ) Leave the piece of 
lodestone of, the last exercise 
suspended in its position of 
rest Bring up the first piece 
of lodestone towards it in such a manner that one of the places 
where the filings adhered points at the end of the suspended 
piece. Observe what happens. Now point it at the other end 
of the suspended lodestone and again observe the result 

In one case attraction takes place, while in the other repulsion 
ensues. 



Fie,. 61. -A piece of lodestone swinging 
freely. * 
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71. Magnetic Attraction and Repulsion. 

(a) Take a good d/ed sewing needle and fix it on the table 
with a little soft wax. Using the piece of lodes tone from the 

stirrup in the last experi- 
ment, and beginning at 
the point of the needle, 
mb the end of the lode- 
stone along the length of 
the needle, and when you 
get to the eye, raise the 
lodestone and bring it 
again on to the point of 
the needle and repeat the 
stroking process. Do this* 
ro or 12 times. 

Examine the needle. 
It will now attract iron 

Elf*. 6a. — Stirrups tor supporting magnets. filings at US CUf Is Support 

it in a tiny stirrup (Fig. 62), 
and see that it arranges itself as the shaped piece of lodestone 
did. Also notice that while the point is either attracted or 
repelled by the end of the shaped lodestone, the eye is repelled 
or attracted, that is, behaves in an exactly opposite manner. 

The needle has been made imo a magnet % 01 has become 
magnetized* Most filings are attracted at its ends ; and 
these places of greatest magnetic strength ai t* known as 
the poles of the magnet 

(b) Examine the artificial magnet* provided. Notice some 
dfe in the shape of bars, others in that of a horseshoe. 

Treat the bar. magnet in the same way as the shaped lode- 
stone. 

(i.) Support it in a stirrup as in Fig. 62, and see that it 
arranges itself along t ht same line as the lodestcme did, 

(ii.) Dip both ends successively into iron filings. Notice and 
sketch the way in which the filings form a tuft. These ends 
are the poles. No filings adhere to the centre of the magnet. 




MAGNETIC ATTRACTION AND REPULSION % 

' ' ; ^h4%Suppovt the* magnetized needle as in Exercise ?i (A). 
Bring first one end of the bar magnet, and then the otfc^r, up 
to the point of the needle. Notice and record the result. 
Repeat, using the eye of the needle. ‘ ' - v 

* * In every respect the artificial mftgnet jjtas the same 
magnetic properties as the lodcstone . 

{c) Substituting the bar magnet for the shaped lodestone, 
magnetize another needle as in Exercise 71 (a). 

Support the two magnetized needles, which you now have,, 
each in a little stirrup. Allow them to swing freely and come 
to rest. On the ends of the two needles which point in the 
same direction stick a piece of paper, or mark; them in some 
other convenient way. 

I. cave one needle in its stirrup and take the other out. 
Molding the needle in your hand, bring the marked end up to 
the marked end of the suspended needle. Notice repulsion. 
Bring the unmarked end of the needle in your hand up to the 
unmarked end of the suspended needle. Again notice repulsion. 

Now bring the unmarked end of one against the marked end 
of the other. Notice attraction. 

This teaches what is called the First Law of Magnetism, 
namely, Like. poles repel one another, and unlike poles attract 
one another . 

ui) Substitute a French wire nail for the needle in your hand 
in the last experiment. Notice when either end of the nail is 
brought up to the marked or unmarked end of the suspended 
magnetized needle, attraction ensues. 

Since unmagnetized iron wall attract both poles of a 
magnetic needle, the Exercises lead to an important con- 
clusion, viz. repulsion is the only sure test of permanent 
magnetisation. 

72. How to Magnetize a piece of Steel. 

In addition to the plan adopted in Exercise ,71 (<*), Which 
is known as the methol of Single Touch, there are other 
ways of magnetizing a piece of steel One is called the 
method of Separate or f>rvided Touch. 
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(a) Straighten a piece of clock-spring. Fix it with vn^^faS 
the ends of two bar magnets, arranged as in Fig. 63. Now take 
two other bar magnets and hold one in each hand, inclined at 

about the angle shown 
in the illustration, to 
the piece of watch- 
spring. Draw the 
magnets away from 
one another, always 
keeping them inclined 
Pm. 63. —Separate or divided touch. at the same angle 

to the watch-spring. 
When the ends of the watch-spring are reached, bring the bar 
magnets back to their starting-point at the middle of the bar 
along the path indicated by the dotted line. When you have 
done this ten times, turn the piece of watch-spring over and 
repeat for another ten times on the side of the spring now on the 
top. Test the poles of the magnet by Exercise 71 (c). 

73. Magnetic Meridian. 

(a) Remove all magnets, also any masses of iron to a distance. 
Support a bar magnet in a paper stirrup, and see that it swings 
freely. Allow it to come to rest and then draw a chalk line on 
the table, marking the line along which the magnet arranges 
itself. One way of doing* this is to make marks on the table 
immediately below the middle points of both ends of the magnet 
by the help of a plumb line, .yid then to join the marks by 
means of a straight edge. Ot, you may draw a line accurately 
parallel "to one of the long sides of the magnet. • 

(h) Freely support each of the magnets you have in order, viz. 
the shaped lodestone, the magnetized needles, and the. horse- 
shoe magnet, aWve this Ime. The horse-shoe magnet is best 
supported by a thread. Notice that on coming to rest they all 
arrange themselves along the same line 

The line along which a freely suspended magnet arranges 
itself is known as the magnetic meridian, and it can be at- 
once roughly traced for any place by the simple exper ment 
you have performed. 




MAGNETIC MERIDIAN* 




74. Accurate Determination of Magnetic Meridian. 

(a) Using a mariner’s compass 1 provided with sights, proceed 
as follows : 

Look down one of the sight tubes (/, t ' Fig. 64) and rotate the 
box until the sight needles can be seen in the middle of the 



Fig. 64* — To find i he magnetic meridian. 


tubes. Move the supported piece of cardboard with the line / 
(Fig. 64) marked on it until this line lies on the same straight 
line as the index needles, and then make a mark on the table 
where the line I touches the table a (Fig. 65). Put the supported 
card in another position farther from the box, repeat the pro- 





, Fig. 65. —Marking the magnetic meridian. 


cess, and mark a new place h (Fig. 65). The line joining a and 
b is the magnetic meridian. Permanently mark this line on 
your working bench ; it will be useful in future experiments. 

1 Full instructions for making this piece of apparatus will/ be found in 
Practical Physics for Schools , by Stewart & Gee, Vol. t , ‘ ‘ electricity and 
Magnetism,” from which Figs. 64 and 6$ are taken. 
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(£) Or, if a mariner’s compass of the kind shown 
is not available, proceed as follows : — Attach two sewing needles 

to the ends of a mag* 
netized knitting needle 
or of a bar magnet* by 
means of soft wax, as 
shown in Fig. 66, with 1 
the needles in a vertical 
position, and so that t heir 
points travel just over 
the surface of the table. 
Use these, points for 
“ sights.” When you 
have marked the meri- 
dian remove t lie magnet 
and turn it over, so that the face which was at that below is 
now on the top, using the eyes of the needles as “ sights/’ and 
again determine the meridian. Take the mean position as an 
accurate determination. In this way you have corrected possible 
errors of the magnetic axis of the magnet and in the adjustment 
of the needles. 



Ft... 66. — Simple method of determining the 
meridian. 


75. Magnetic Declination. 

The geographical meridian of a place is an imaginary 
circle round the earth, which passes through the north and 
south geographical poles, and through the place under con- 
sideration. The north and south magnetic poles of the 
earth do not coincide with the geographical poles, hence 
the magnetic meridians and the geographical meridians 
round the earth intersect tine another. The angle 
which the two kinds of meridians through a given place 
make with one another is spoken of as the dcclinatimi at 
that place. 

(a) To determine the geographical meridian of a place from 
magnetic observations, first draw the magnetic median for the 
place, as in Exercise 74 (<*). Refer to the Magnetic Chart (Fig. 
67), and find the nearest place there given to that in .which you 



MAGNETIC DECLINATION. 


ax^^petformmg the experiment. The numbers at the betted 
of the lines running from the top to the bottom of the chart 



Fi<;. 67. — Magnetic Chart of the British Isles, showing the lines of edual declination 
and those of equal magnetic dip. (From Elementary Lessens in Electricity am 
Magnetism 1 by Prof. S. P. Thompson.) 


show the magnetic declination in the British Isles. Mark the 
point of suspension of your magnetic needle ofe the magnetic 
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meridian you have traced, and at this point, using ydjSrpfo^ 
tractor, draw a line intersecting your magnetic meridian at an 
angle -equal to the magnetic declination for your locality. As 
all the magnetic declinations in the British Isles are west of true 
north, the line should be drawn to the east of your magnetic 
meridian. The line thus drawn represents the geographical 
meridian, which, if continued in both directions, round the earth, 
would pass through the north and south geographical poles. 


78. Result of breaking a Magnet. 


(a) Magnetize a piece of dock-spring. Find which end is 
repelled by the marked end of a suspended magnetic needle, 
and stick a piece of paper on this end. Convince yourself that 
the other end of the piece of clock-spring is attracted by the 
marked end of the suspended needle. Observe, too, that the 
middle of the piece of spring has no effect on the needle. 

Break the piece of spring into halves, and examine each 
piece by bringing the ends of the pieces in turn up to the sus- 
pended needle. What was, before breaking, the middle part of 
the piece of spring is now found to affect the needle and to 
attract iron filings. Or, each piece is a perfect magnet. 

By means of the suspended magnetized needle satisfy yourself 
that the other end of the half, which is marked, is repelled by 


the marked end of the 
needle, and that the 


End 

msmzzz*. 


other end of the half, 


f_* j — — , which is unmarked, 

Fig. 68. -“The result*, of breaking a bar- induct. attract s the marked 

end of the needle. 


Break one half into two equal parts. Show that each part 
is a perfect magnet. Also find how the poles are arranged. 
Record your results, and compare them with Fig. 68. 


(b) Very nearly fill a small narrow- test-tube with steel (not 
iron) filings, and close the tube with a w ell-fitting cork. By one 
of the methods already learnt, and using a large, strong magnet, 
magnetize the tube and its contents as if it were a bar of iron. 
Satisfy yourself that you have magnetized it by observing its 
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ISCt^Nm a magnetic needk. Now shake the filings out of tht 
tube on to a sheet of paper ; toss them about, and then replace 
them in the tube, and again test its magnetic condition with a 
magnetic needle. The tube an8 its contents no longer behave, 
as -a magnet 


T7. Induction and Induced Magnetism. 


(a) Take a strip of galvanized iron, and, adopting the method 
of single touch (Ex. 71 (<*)), endeavour toCfoagnetize it - After 
rubbing 10 or 12 times test it with iron filings and with a 
magnetic needle. It has not been magnetized. ^ ± 

* ■*£ *' V ' 

(b) Take a bar magnet in your left hapd and wi|h life right 
hold the piece of galvanized iron m contact with the bar magnet 
and bring the galvanized iron (while it is §tUl touching the bar 
magnet) into contact with some iron filings. The iron filings 
adhere to the galvanized ifon, or, while it is m contact with the 
bar magnet the galvanized iron is 

itself a magnet. J ® 


(r) (l) Suspends long unmagne- 
tized needle. Bring dear to it the 
noith^seeking pole of a magnet. 

(Fig. 69). The attraction which 
ensues suggests that the end of 
the nearest to the north- 

seekihg. pole of the magnet is a south-seeking 
about the other end? * 


if 


0L 


31 . 


& 


Fic, 69 - Tq^illu^tratt Ex. 77 (4 

pole. Whlit 


(ii.) Arrange the needle arwTmagnet as shown in Fi^. 70, and 
test the polarity of the more distant end, <$, by means of a 


m — & 

\ 

Fig. 70.— To illustrate Exercise 77 '(A 

’ compass needle. Repulsion shows that it Jp a noith^seekkg 
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(iii) Take away the bar magnet and the end b wiii-^ttfact 
either n or s> and hence the magnetization of ab was only 
temporary. 

(d) Arrange several pieces of soft iron on a piece of card- 
board, and bring up a bar magnet as in Fig* 71, Test the 

Fic« 71.— To illustrate Exercise 77 (*0 


polarity of the moie distant pieces by means of a very short 
magnet suspended from a silk fibre* 

(e) Attach as many French wire nails in a chain to the end 
of a bar magnet as you can. Examine the polarity of the end 



Fig. 7*.— Exercise 77 (e). Fig. 73.— Exercise 77 (e). 


nail as before* Arrange a second magnet as shown in Figs* 
72 and 73* and examine the effects m each case. 

7E IMm of Force. 

(a) Place a bar magnet on the table, and over it place a thin 
sheet of cardboard. Sprinkle fine iron filings on to the card, 
either from a fine pepper castor 01 fiom a fine muslin bag. 



LISES OF FORGE. 

Gently tap the sheet of cardboard, when the filings will be seen 



F c, 74. —Lines of force round a bar-magnet 

to arrange themselves along definite lines, which rue called 
Lines of Force. 

{b) Substitute a sheet of glass for the cardboard, and lepeat 
the experiment. Hake a sketch of the figure obtained in your 
note -book. 

(c) Similarly obt.nn the lines of force for a horse-shoe mag- 
net, and for the following combinations. 



Fio. 75. — Lines of force around two bar magnet* having like $»oles adjacent. 

t 

* (i.) Two bar magnets in the same straight line/ with opposite 
poles 2 cm. apart. 

F.P. II. 


G 
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(ii.) Same arrangement, only similar poles, 2 cm. apart/' 

(iii.) Two bar magnets arranged parillel with opposite poles 
near one another. 

(iv.) Two bar magnets arranged ?>a|dlel with similar poles 
near one another (Fig. 75). 

(y.) One pole of a bar magnet held miically under the piece 
ofcardboaid. 



Fu;. 76.—- Lint's offeree around a single magi* tie pole. 

(if) Make a very short magnetic needle. You can do this by 
magnetizing a knitting needle, and carefully breaking off a piece 
from it. Support this short piece, which, ;b ,ou know, is a per- 
fect magnet, by a fibre of imspuiT silk. It is convenient to attach 
the piece of silk by the aid of a piece of soft wax. Call this 
freely suspended short magnet yout exploring magtiel. 

Re-obtain the lines of force for a single, ma; net as in Exer- 
cise 78 (a). Hold your exploring magnet over the piece of card- 
board, and just above the iron filings. Notice that the exploring 
magnet arranges itself along the line of force, passing through 
its point of suspension. Vary the position of your exploring 
magnet and notice the same thing is always trot. 

79, Magnetic Dip. 

Though we have assumed in all the previous Exercises 
that a small magnet freely suspended hangs more or less < 
horizontally, the student may have noticed that this is not 
exactly so. 
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(a) *Take a knitting needle and support it by a fibre or two 
of unspun silk, attached by soft wax, so that the needlfe is 
horizontal Now, holding it carefully so as not to break the 
silk, magnetize it by the method of single touch. Allow it to 
again hang freely, it is no longer horizontal One end dips 
down. By means of a compass needle ascertain which pole is 
dipping, and record your result. 

A needle which is free to move on a \ ertical plane, but 
fixed as regards movement in a horizontal plane, is called 
a dipping needle. 


ip) Either use the dipping needle provided, or make a simple 
form yourself. 1 To do this select an un magnetized knitting- 
needle about 12 cins. long. Construct an 
axle for the needle in the following manner : 

Hold two short pieces of copper wire on 
opposite sides of and at right angles to the 
length of the needle. Twist the ends of the 
wires together on each side so as to grip 
the needle tightly, and carefully straighten 
the twists (Fig. 77). Make the wire surfaces 
as smooth as possible by heating in a gas- 
fiame and applying sealing wax, shaking off 


the exce; 
a spot 


w 



of wax while still fluid. Apply 
sealing wax so as to rigidly 
connect the axle to the needle. Make a 
support for the needle by cutting two rect- 
angular pieces of sheet brass or copper 
(7 cms. x 1 cm.), rigidly connect them 
together at the base with their short edges 
horizontal and 1 cm. apart, and fix them to a needle, 
suitable base-board (or a* support may be 
made with two pieces of glass rod fixed horizontally and 
1 cm. apart). Attach a circular scale of 90° to one of the 
supports (Fig, 78). See whether the needle is truly balanced 
by supporting it by its axk on the knife edges ; if necessary, 


Fig. 77." Support for 
simple form of dipping 


1 This easily-constructed form of dip needle was designed by Mr. H. E. 
Hadley, B.Sc. 
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adjust the position of the axle by slightly warming the 
joint and moving the axle along the needle. 

Carefully magnetize the needle. 
Place it on the knife edges with 
its axle coinciding with the centfre 
of the circular scale. 

80 . Determination of the 
Angle of Dip. 

To make an accurate 
measurement of the angle of 
dip you must be sure of one 
or two things. 

(a) The needle must move 
in the plane of the magnetic 
meridian . 

One plan to ensure this is as 
follows : Carefully draw the 
magnetic meridian by Exercise 

Ba*-* simpk form 74) and thcn arrange the need]e 

parallel to this line. 

A better way, and the plan generally adopted, is to first rotate 
the needle until it stands quite vertical, pointing to the zero 
division of the scale. Turn the plane in which the needle is 
free to move through exactly 90°, thus making this plane to 
exactly coincide with the meridian. 

(h) The magnetic axis of the needle must coincide with 
that of figure of the instrument . 

To eliminate any error due to this not being so the needle is 
so arranged that it can be lifted off and used round the other 
way, that is, with the face previously behind facing the front of 
the instrument. Do £lif% and tako the mean of the readings. 

4 (c) The centre 6f gravity of the needle may not coincide 
with the point of suspension. 

To avoid error from this catisc, a r ter the first observation of 
din has been taken the needle must he taken out. demagnetized 
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and then remagnetized in such a way that what was originally 
the south pole is now the north. 

(d) Make several measurements of the angle of dip. 
From the chart in Fig. 67 make a table showing the mag- 
netic declination and dip at ten of the places represented. 

81. Magnetization of Soft Iron by the Inductive 
Action of the Earth’s Magnetism. 

(a) Arrange vertically, in the magnetic meridian, a large sheet 
of cardboard on which you have drawn two lines, viz. : a 
horizontal line and one inclined to it at an angle equal to the 
angle of dip determined in the last experiment. Place the rod 
of soft iron, a long strip of galvanized iron will do best, along the 
inclined line, and smartly rap it, a few times with a mallet while it 
is brjd in position. 

(i.) %Still holding the soft iron in this position, test its polarity 
by a suspended magnetic needle. The 'strip of soft iron will be 
found to be a magnet. The end towards the north is a north - 
seeking pole. 

(ii.) Now hold the strip of galvanized iron at right angles to 
the meridian, strike the strip with a mallet and again test its 
polarity. You have demagnetized it. 

(iii.) Reversing the ends of the strip of galvanized iron, repeat 
(i.) and (ii,). 

(iv.) Holding the strip horizontally, and in the magnetic 
meridian, repeat (i.) and (ii.). 

(v.) Holding the strip vertically, again repeat (i.) and (ii.). 

(vi.) Compare the strength of the polarity in (i.), (iii.), (iv.), 
and (v.) by bringing the strip in* each case near to a magnet- 
ometer needle and reading the ’deflection. Take care that the 
strip is carried very carefully, so as not to shake it or make it 
vibrate, and see that it is arranged every time at the same 
distance from the needle. 



CHAPTER XI. 


MAGNETIC MEASUREMENTS. 

By the magnetic moment of a magnet is meant the pro- 
duct of the strengthhof one of the poles into the distance 
between the poles. If we ' express the strength of either 

1 pole by m } and the distance between the poles by /, wc 
can write 

Magnetic mo$nent = ml. 

To obtain a correct idea of the* strength of a magnet, it is 
necessary to measure the value of this product for the 
magnet ; or, if you only wish to compare the strength of one 
magnet with that of another, it is sufficient to compare the 
values of their ^magnetic moments. 

82. Construction of a Magnetometer. 1 

(a) Select a strong tumbler, and fit it with a thin cork such 
as is used for pickle bottles. Through it 
pass stout brass wires, as shown in the 
illustration (Fig. 79), one, the shortest, 
passes through the centre of the cork, the 
other is fixed at equal distances from 
the centre, and on to the horizontal pait, 
which is inside the tumbler when the cork 
is put into position, attach a circular card 
graduated into intervals of * ten degrees. 
Magnetize a thin narrow strip of 
straightened watch spring* and fasten it 
with hees’-wax on to a piece of stout 
paper. Cut the paper into the shape of a 
narrow magnet, pointed at each end. 
Fig. 79, A simple Hang, by means of a silk fibre, the 

magnetometer. , . , , 

magnet and its attached paper (seen 
l The simple andAjsEfeetive form of instrument here described was designed 
by Dr. Buchanan, Gordon's College, Aberdeen. 
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end-on in Fig. 79) to the central-fixed brass wire, at such a 
distance that the magnet swings jast over the card. You now 
have a very effective magnetomeer which can, if the other 
apparatus is not available, be usedift the following exercises. 

83- Comparison of the Magnetic Moments of two 
Magneto 

First Method. 

(a) Arrange the magnetometer box 1 and scale in the manner 
which Fig. 80 makes clear. Noth c that the magnetometer con- 
sists of a compass box, with a samll magnet carefully pivoted 



Fig. 80. — A defleciit'i* magnetometer. 


at it^ centre. A pointer is arranged at right angles to the 
magnet, and is long enough to move oven the graduated circle. 
The two graduated arms A and P must be at right angles to 
the magnetic meridian, and a magnet, NS, is placed as shown. 
Record its position on the scale. The nc*-dk is deflected from 
its position of rest. Observe and record the angle of deflection 
produced. Replace the first imgnet by the second, taking care 
that its centre is placed in » xauly the same position on the scale 
as the centre of the first magnet. Again observe the angle of 
deflection, 

1 Or you can use the magnetometer you have made and an ordinary 
metre scale. 
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Record your results as foVa*. s : 



Repeat the experiment otic or twice, taking different positions 
for the magnets, eg. (i) put them at equal distances on the 
other arm of the instrument and (2) reverse the poles. Then 
the magnetic moments are t one another in the proportion of 
the tangents of the angles of deflection, 1 or 

Magnetic m ome nt of magi et i Tangent of rst deflection 
Magnetic moment of ma£iet 2 ~~ Tangent of 2nd deflection* 

Sec< nd Method. 

(i b } Arrange the apparatr used in the last Exercise, in the 
manner there described. Face the two magnets (M l and M 2 ) 
of unequal strengths, the magnetic moments of which it is wished 
to compare, one on each side of the graduated arms A and i?, 
with similar poles pointing towards the needle. Vary the 
distance of one of them from tire magnet until no deflection of 
the needle takes place, that is, until the pointer is exactly over 
the zero readings , of the scak. off the distances, d x and 

d % , from the centre of the magnets to the centre of the needle, 
and record the result* Vary the dtsnnce of the fixed magnet, 

’ 1 Look up the value of 'the tangent of tht angle of deflection from the 
table on p. 165. 
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and again firtd where the other must be placed to exactly 
counteract the effect of the first magnet on the needle. Again 
record the distances. Repeat the experiment with reversed 
poles for the distances employed before. 


Magnet M\. 

Magnet M*. 

Z/ 

Distance 
fr#m Compass 

“<A. 

Cure or 
Distance 
from Compass 

Dista nck 

FROM 

Compass - d.u 

Cube of 
Dista ncf 
from Compass 

1 



I 

I 

* 


Find the values of the ratios in column 5, and observe 
that they are constant. Or, expressed in words, the forces 
exerted by the magnets, 

Mi and tending to 
produce a turning of the 
compass needle, ai'e 
inversely proportion d to 
the cubes of their dis- 
tances from the needle. 


84. Comparison of the 
Horizontal Compo- 
nents of the Total 
Magnetic Force in 
any two Places. 

(a) Suspend a magnet in a 
light stirrup, as in Fig. 81. 
Support it by two or three 
silk fibres from a hook, as at 
h. The hoojt i* conveniently 
attached to a cap, which 



Fig. 8».*~ A vibration magnetometer. 
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fits a ^lass tube, /, which slips into a collar, c\ an the 
rpof of a box in which the magnet swingsS, Gum pieces 
draper to the magnet to act as indexes, as m in Fig. 81. 
-Have a line ii' on the door of the box, which is preferably 
/made from a piece of looking-glass. Allow the magnet 
to swing. Find the time taken to complete ten swings. 
Calculate the time, /„ of one swing from the mean of several 
observations. 

Repeat the observation in another locality, or in a magnetic 
fielcl of different intensity, and ascertain the time t 2 of one 
swing. Then 

Horizontal component of ist field __// 

Horizontal component of 2nd field ty 

If a vibration magnetometer like that shown in Fig. 8t is not 
available, the magnet and needles of Exercise 77 can be used. 
Any draught*? should be screened off with an exercise book. A 
piece of cardboard with a peep-hole can be used to keep the 
* line of sight * correct. 


85. Distribution of Magnetism in a Bar Magnet. 

(/?) Support the bar magnet verti< ily in a wooden universal 
joint. Take a small, freely* suspended magnetic needle, like 
the exploring magnet in Expt. 78 (d), but which 
has been weighted ">y tying a piece of zinc 
^ rod of the same length to it, so as to 

g- n diminish the numl er of vibrations. Bring 

o it near to the bar magnet, at a short dis- 

tance from one of i s ends (Fig. 82.) Allow 
it to oscillate, an* :ount the number of 
oscillations in a given dme, say 30 seconds, 
or 1 minute. Repeat this at different dis- 
J tances from one end to the centre of the 

Fig. 82. magnet, taking great' care that the swing- 

ing needle is in every case ut exactly the 
same horizontal distance from the bar magnet, recording 
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the number of oscillations for the time observed for ead 
position. 


hoSITtON. 

Distance from End of 

Bar Magnet. 

Number of Oscillations. 

... . . ... _ . 

■ 

{a) In thirty 
seconds. 

(<5) In one 
minute. 

A 

cm. 



R 



C 




D 





(//) Find the number of oscillations when the small magnet 
oscillates under the influence of the horizontal component of the 
earth’s magnetism alone, tliat is, when it is at a distance from 
all artificial magnets or other disturbing influences. 

Arrange your results thus : 


Post- 

T ION. 


A 

B 

C 

J{ 


j Ndmkjik ok 

I OsOLLA 
; t ions, jV. 



SQL A KW OF 
Nt'Mfil.K OK 

Oscilla- 
tions, N%. 

Numkkii of 
OSCU.LA ITONS 
VVti TO 

Earth, E. 

Square of 
Number ot 

OSL U.LAITONs 
DDK m 

Earth, E~ 


i 

1 

I 

[ 



m+E*. 


(c) To map the results, draw an elongated rectangle to. repre- 
sent the bar magnet under examination. Mark off, to scale,, the 
various positions recorded in the table of results along th<5 rect- 
angle as shown. At these points erect perpendiculars of heights 
proportional to the results obtained in column 6 abo^e, and join 
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in by a smooth curve. This curve will serve to indicate how 
the strength of the magnetism falls off towards the centre of the 
magnet. 

Notice that the result obtained at the position F (Fig. 83) is 
the same as that when the needle oscillates under the influence 
of the earth alone. 



Fig. 83. — Map -showing distribution Fig. 84. 

of magnetism in a bar magnet. 

(d) Imitate the results by adding wire nails to a bar magnet 
as in Fig, 84. 


CHAPTER. XII. 

DEVELOPMENT AND TESTS OF ELECTRIFICATION. 

86. Development of Electrification by Friction. 

(a) Arrange a variety of small light fragments, such as pieces 
of paper, bran, saw-dust, in a heap upon the table. Vigorously 
rub a rod of glass with a piece of dry silk 1 and hold it over the 
light fragments. Observe how they are attracted by the rod. 

(£) Repeat the last experiment, using 

(a) Rod of sealing wax and flannel. 

(tf) Rod of ebonite and a cats skin. 

(c) Sheet of brown paper and a clothes brush. 

1 To obtain satisfactory results the rods and rubbers should be quite dry 
and warm, This can be ensured by placing them on sand contained in a 
baker's tray supported on a, couple of tripod stands and warmed by a 
Bunsen burner or two, The tray should be covered with s piece of sheet 
iron bent into the form of an arch. 
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87. Eflectrioal Attraction and Repulsion. 

(a) Make a stirrup out of stout copper-wire. Hang it from 
the ring of your retort stand by means of a thread or ribbon. 
Balance a round ruler in the stirrup. As in Experiments 86 (a) 
and 86 (b) electrify one of your rods by rubbing and bring it near 
to the balanced ruler. Notice attraction. 

(b) Substitute other heavy rods for the ruler and observe that 
all are attracted by the electrified body. Vary the experiment 
by balancing the rubbed, and consequently electrified, body 
on the stirrup, and holding the rods, which were previously 
balanced, in your hand, bring them up to the rod on the stirrup. 
Again attraction takes place. 

You are consequently justified in asserting that not only 
does an electrified body attract unelectrified bodies, but also 
that unelectrified bodies attract electrified bodies. 

(c) Repeat Exercise — , 
and observe that after the 
light particles have been 
attracted by, and touch, 
the electrified rod, they 
are immediately repelled. 

Or, support two pith- 
balls by two cotton 
threads to a. support with 
a varnished glass leg - , 
as in Fig. 85. Bring the 
electrified rod near the 
balls. They are attracted 
by, and touch, the rod. 

This is followed by repulsion, and afterwards it will be observed 
that the balls repel one another and stand apart 

88. Two kinds of Mectrifloatfon. 

(a) Rub a piece of glass tube with the piece 6 f dry silk, and 
support it on the hanging stirrup. Then rub a piece of sealing 
wax with flannel and bring the rod of sealing wax near the glass 



Fig. 85. — Electrical repulsion. 
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tube. Notice attraction. Record the fact that glass ^rubbed 
with silk is attracted by sealing wax rubbed with flannel. 

Repeat the experiment, first rubbing and supporting the 
sealing wax, and then approaching the rubbed glass tube. 
Notice the same result 

(^) Support one piece of glass tube which has been rubbed 
•with the silk rubber (in this case it is advantageous to hang 
the stirrup by a silk thread) and bring up a second glass tube 
which has been similarly treated. Notice repulsion. Record 
the fact that glass rubbed with silk is repelled by other glass 
similarly treated. 

Repeat the last experiment, using two sticks of sealing wax 
and a flannel rubber. Record the result. 

(c) Also experiment with : 

(j.) Two pieces of ebonite rubbed with fur. 

(ii.) Two pieces of roll sulphur rubbed with flannel. 

(iii.) A piece of glass rubbed with silk and a piece of ebonite 
rubbed with fur. 

You are thus led to the conclusion that there are two 
kinds of electrification, viz. that generated on glass by 
rubbing it with silk, and that on sealing wax by rubbing it 
with flannel. The former is always spoken of as positive 
( + ), and the latter as negative (--). What is called the 
First Law of Electrification follows from the experiments 
you have now performed. This law can be stated by 
saying, 

Like kinds of electrification repel one another. 

Unlike „ „ attract 

(d) Support a single pith-ball by a silk thread to a support 
with a varnished glass leg. Bring a glass rod which has been 
rubbed with silk in contact with the ball. After the ball has 
been repelled* as youlfow know, it is positively charged. 

(e) Using two pith-ball pendulums \ as the arrangement in 
ttie last exercise is called, one charged -fly and the other -ly. 
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test the nature of the electrification generated on the rubbed 
body in each of the following cas>s ; 

(i.) Sulphur rubbed with fur, 


('>•) 

flannel, 

(iii.) Ebonite „ 

silk, 

(iv.) 

fur, 

(v.) Glass „ 

flannel, 

(vi.) Amber „ 

flannel, 


and other things which are convenient. 

89. Equal and Opposite Charges. 

Equal amounts of the opposite kinds of Electrification 
are generated when two things are rubbed together. 

{a) Make a flannel cap to just fit the end of a stout rod of 
sealing wax or other convenient substance. Attach a silk 
thread to the flannel cap. See that both rod and cap are dry 
and warm. Have a positively charged pith- ball pendulum near. 
Rotate the flannel cap once or twice by pulling the piece of silk 
which has been previously wound round it. 

(i.) Holding, the cap by the silk thread, bring it near the 
■fly charged ball. Notice repulsion. The cap is therefore fly 
charged. 

(ii.) Touch the pith ball vith your fingei, and riien charge 
it negatively by means of a piece of sealing wax rubbed with 
flannel. Bring near it the cm; of the rod on which A fbaeri 
cap has been rubbed. Again notice renulsion. T1 orI was 
therefore -ly charged by the i innel cap. 

(iii.) Put oh the cap again and repeat the rubbuig. Do not 
take off the cap, but bring both up to an uncharged pith ball. 
There is neither attraction nor repulsion. 

90. Construction and Us© of an ®&#troseope. 

. , v 'M 

(a) Clean and dry a glass flask and flt it with ft cork. Bore 
a half-inch hole through the cork. Solder a penny piece or 
a disc of metal to one end of a straight bras:* irire 7 inches 



113 


EXERCISES IN PRACTICAL PHYSICS, 

long* Drill a hole in the edge of the disc. Surround the wire 
about 2 inches below the disc with shellac so as to fit the hole 
in the cork. Solder a piece of thin sheet brass about J inch 
long to the lower end of the wi re. Cut two strips of Dutch 
metal or aluminum leaf | an inch wide. Slightly moisten the 
brass strip on each side with weak gum and take up the leaves. 
Shade from air currents and place in the flask. 

( 1 ) Or, 1 take a common thick glass tumbler and fit it with a 
cofk. Procure a rod of good ebonite about 12 cms. long and 
o*6 cm. in diameter to serve as the insulator. Bend the ebonite 
rod into a U-shaped form, one branch being not quite half as 
long as the other. The bending may be 
done by softening the ebonite in the flame 
of a laboratory burner or by keeping it for 
half an hour in boiling water. Firmly tie 
a stiff brass wire about 2 mm. diameter 
to the short branch of the bent ebonite 
rod with waxed thread, so that the wire 
is parallel to the longer branch of the rod. 
The lower end of this ware, bent at right 
angles and flattened sideways, carries the 
leaves, which may be of gold, Dutch- 
metal or alumirmtm, and are attached by 
gum. Solder the end of a piece of brass 
tube, 1 cm. long and of a diameter which 
will allow' it to lit tightly on to the upper 
sg --Afc electroscope. clld of tI)e brass wire, to a diso of tin- 
plate 8 cu'-i. in diameter. The edge 
of the d ^c is turned over to ; ■- oid sharp edges. Bore two 
holes in tbeVork — one hcle in he centre through which the 
brass wire passes without contact, the other at a suitable 
distance from the centre; and through the second hole the 
upper end of the ebonite rod is firmly inserted. 

A proof plane is required for use with an Electroscope. 
One can be constructed as follows ; — 

(?) Carefully clean a. piece of glass rod about 10 inches long, 
1 This simple eleeir -scope was designed by t>r. Buchanan, Gordon’s 
College, Aberdeen, Wit 1 whose permission it is here inserted. 
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the sharp edges of which have been first removed with emery- 
paper or with a file. Dry and warm the glass. Then coat it 
with shellac varnish. 3 Fix a two-inch disc of tin, or of card- 
board covered with tinfoil, to the end of the strip. 

(d) To make an insulating stand,® procure a wooden disc 
about r 1 crns. in diameter. Into this insert three legs of ebonite 
until they project vertically about 3 Cms, from the surface of 
the disc. With the legs resting on the table, the disc forms a 
support for such a body as a tin can. If placed in an inverted 
position with the legs in the air, the extremities of the legs 
make a stable support for such a form as a sphere. 

In charging the electroscope it is desirable to make k rule 
of bringing small charges only to the disc. 

(r) Draw your proof plane along an electrified rod (or other 
body) and then transfer the small charge which collects on 
the proof plane to the disc of the electioscope. If necessary, 
repeat this process until the leaves diverge sufficiently. Another 
plan for charging an electroscope is given on p. 117. 

Ql. Conductors and Insulators. 

(a) Rub a brass tube held in the hand with a piece of 
dry silk. Bring it near to the cap of the electroscope. There 
is no divergence of the leaves. 

Procure a piece of brass to which a varnished glass handle has 
been attached, and holding the rod by the glass handle, flick the 
brass with the silk, or with a cads skin. Now, quickly bring the 
brass in contact with the cap of the electroscope Notice the 
divergence of the leaves. 

Try and think what causes the difference between this result 
and the former one. 

(/>) Cause the leaves of an electroscope to widely diverge by 
means of small positive changes from a proof plane. Touch the 
disc of the electroscope in succession with piece? 'T glass, 
sealing wax, solid paraffin, ebonite, and metal rod. 

1 Shellac varnish is made by dissolving flake shellac in nfethvlnted spirit, 

2 Dr. Buchanan, Gordon’s College, Al>erdeen. 

p.p.jir. h 
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Charge the electroscope again and touch the disc with the 
finger. Record your results. 

(c) Arrange the electroscope with a long piece of wire 
attached, on the end o^which is a metal knob, as in Fig. 37- 



The wire rests on an insulating stand. Bring an electrified 
proof plane in contact with the metal knob. The leaves diverge, 
showing that the metal wire conducts the electric charge. 

Repeat the experiment, using in succession, {a) cotton, (b) dry 
silk, (c) wet silk. 

(d) Break the coil of wire on the insulating stand, and 
between the ends so formed place pieces of different substances, 
eg. (a) lump of solid paraffin, (b) sealing wax, (c) dry wood 
,(d) piece of porcelain and other things. Be sure that the wires 
are well joined to the block of material. 

Make a table, dividing the things you are able to try into 
conductors and non-conductors or insulators. 


Conductors. 


Non-Conductors or 
Insulators. 



CHAPTER XIII. 


ELECTRIC INDUCTION AND DENSITY. 

92. Induction. 

(a) Arrange a dry lath on an insulating stool in such a way 
that one of its ends is above the disc of an electroscope. 
Without touching the lath bring over the other end of it a 
positively charged glass rod. Notice the divergence of the 
leaves. Remove the rod and the leaves again collapse. 

Repeat the exercise substituting a piece of sealing wax nibbed 
with flannel for the glass rubbed with silk. 

(b) For the lath on the insulating stand substitute an 
insulated metal cylinder, or a wooden cylinder with rounded 
ends, coated with tinfoil or blacklead. Ry means of a copper 
wire, supported by an insulating handle, put one end of the 



Fig. 88.-+-An electrified body is> able to induce charges ill bodies near it. 

cylinder in connection with the disc of the electroscope (Fig. 88). 
Bring a positively charged glass rod near to, but not touching 
the other end of the cylinder. Hold the rod in this position 
and remove the connecting wire. The leaves remain diverging. 
* Test the kind of electrification causing the leaves to di verge. 
Charge the proof plane positively by bringing' it into contact 
with a glass rod rubbed with silk. Bring the $froof plane near 
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the cap of the electroscope. An increased divergence takes 
place showing that the leaves were positively charged. 

Now test the cylinder. Discharge the electroscope* by 
touching the cap with the finger. Recharge it negatively by 
means of a proof plane which has touched a rod of sealing wax 
rubbed with flannel. Holding the rod in position as before, 
test the near end of the cylinder with the proof plane. Transfer 
the proof plane to the cap of the electroscope. Notice the 
increased divergence. The cylinder was evidently charged with 
negative electricity. 

( c ) Bring a positively charged rod near one end of the 
insulated cylinder. Touch the end of the cylinder nearest to 
the rod with a proof plane and test the kind of electrification 
there. Discharge the proof plane and test the other end of the 
cylinder. 

(</) Vary the experiment by placing two insulated spheres. 
(Wooden spheres coated with blacklead are very suitable, or 
knobs from a metal bedstead may be used) in contact; and 
while still holding an electrified rod near, but not touching one 
of them, separate the two spheres and test the kind of their 
electrification. 

By these experiments it is established that when an 
electrified body acts by induction, or inductively, as this 
action at a distance is called, on an unelectrified body near 
it, it attracts the opposite kind of electrification to the end 
of the uncharged conductor near it and repels the same 
kind of electrification to the end remote from it. 

(c) Bring a charged rod near to an insulated and uncharged 
metal cylinder. While the charged rod is near the cylinder, 
touch any part of the cylindei with tire finger. Then remove 
the rod and test, by means of your proof plane, the kind of 
electrification on the cylinder. 

It will be found to be of an opposite kind to that of 
the charged rod. When the cylinder was touched the 
charge of the same kind of electrification as that on the. 
charged rod was repelled by the rod, through the body, to 
the earth. This charge is called free . The electrification 
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of $ie opposite kind to that on the rod was attracted to the part 
of the cylinder near, the rod. This C^irge is called bound. 

(/) Cause a charged rod to approach towards the disc of an 
electroscope (Fig. 89). Notice the 
divergence of the leaves. Still 
holding the rod in the same posi- 
tion, touch the cap of the electro- 
scope. The leaves completely 
collapse. Remove, first the finger 
from the disc of the electroscope, 
and second, the rod from the 
neighbourhood of the electroscope. 

The leaves again diverge and 
remain divergent Test the electri- 
fication of the leaves and convince 
yourself that the charge is of the 
opposite kind to that on the rod. 

Draw a series of diagrams 
showing the condition of electrification of the rod and parts of 




Fig. 90.-- Exercise with a 
hollow conductor. 


the electroscope during each of the stages 
of this experiment 

93. Phenomena of a Hollow 
Conductor. 

(a) Take your copper calorimeter or 
any metal canister and see that it is clean 
and dry. Place it upon an insulating 
stand. By means oi a copper wire con- 
nect the outside of the canister with the 
disc of the electroscope. Tie a dry silk 
ribbon to a metal ball. Hold the ball by 
the ribbon and charge it positively by 
placing it in contact with a glass rod 
nibbed with silk. Now lower it into^thg; 
canister, but do not let it corned into 
contact with its sides (Fig, 90). Observe 


the divergence of the leaves pf the electroscope.:; 1 Sfill holding 
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it by the ribbon, remove the ball and notice that the .leaves 
collapse again. 

Bearing in mind what you have learnt about induction, draw 
a diagram in your note-book explaining these phenomena, 

(b) Repeat Exercise 93 {a) and when with the ball lowered 
inside the canister the leaves are diverging, knock away the 
wire which connects the canister and electroscope. The leaves 
remain divergent. Test the kind of electrification on the leaves. 

U) Again repeat the last experiment, but this time (i.) 
Introduce the ball as before without touching the inside, 
(it ) Touch the tin can with the finger, (iii.) Remove the ball 
without touching the can. Test the kind of electrification on 
the leaves. It is different from the last experiment. 

Of) Place the canister on the insulating stand and bring a 
charged metal ball suspended as before in contact with the 
inside of the canister. Repeat this pro- 
cess half-a-dozen times. Try and charge 
your proof plane by stroking the sides 
and bottom of the inside of the canister 
(Fig'. 91), testing your success by bringing 
the proof plane 111 contact with the cap of 
the electroscope. No charge is obtained. 
Similarly try the outside of the canister. 
The proof plane is easily charged. 

(0) Repeat the last exercise, this time 

Fit-.. 91.— There is iu>e[i‘c« strongly charting the canister by con- 

trie charge inside a hollow . . ; , , ' 

conductor. necting the inside of it with the prime 

conductor of a frictional electrical 
machine. Again try to charge yout plane from the inside of the 
canister. It is still impossible. 

There is no charge inside *1 hollow conductor, however it 
may have been electrified. The charge always collects on 
the outside ; hence there is no electric force inside a 
hollow conductor. 



(c) The principle of Exercise $9 may be proved in another 
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way. Mount a disc of scaling wax or ebonite oil an insulating 
handle and also a piece of flannel or cat’s skin glued to a board. 
Holding both by the handles mb them together and" put (i) the 
ebonite or sealing wax into a hollow conductor arranged on an 
insulating stand and m connection, by means of a copper wire, 
with an electroscope ; {2) treat the flannel or cat’s skin in the 
same way ; (3) put both tlv* body rubbed and the rubber 
together into the hollow conductor. Record the results. „ 

94. Construction of an Electrophorus. 

(a) Cut a piece of cardboard 5 in. square. Round its , 
corners and smooth its edges. Cover it all over with tinfoil 
and leave it for the night between boards to dry. Draw a circle 
1 in. in diameter in the centre of one side, and remove the 
tinfoil within it. On the bare circle glue a cork. Round off 
the top of the cork and fix in it a glass rod 4 in. long. Clean and 
varnish the rod. Lay a piece of ebonite six inches square on a 
sheet of tinfoil and turn one edge of the foil over the ebonite so 
as to cover about half an inch of the upper surface. Rub the 
ebonite with flannel and put on the cover. The turned up edge 
removes the negative electricity, so that it should be unnecessary 
to touch the cover to obtain a charge of positive electricity upon 
it when it is removed from the ebonite. It will perhaps be 
better to make sure and to touch the cover with the finger as 
well. 

(b) Copy Fig. 92. Using + to represent positive electrification 



Fig. 93.-— To be copied by the student (see Exercise 94 b). 


and - for negative, fill in the electrical condition of £ach part 
of the electrophorus in the stages represented, * 
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05. Construction and Use of a Leyden Jar. 

(a) Coat a wide-necked glass bottle, both inside and outside, 
up to the shoulder with tinfoil (fig. 93), warm it, and varnish 
it with sh When dry, place a pidce 

Ql^^) I of wood, i 1 which a wire with a ring or a 

knob at the top has been fixed, in the 
fr r bottle, ami secure it in position with 

plaster of Paris. Attach a short length 
of brass chain t o the lower end of the wire, 
so as to ensure good connection between 
the wire and inner boating. 

(i b ) Charge the Leyden jar by means of 
the electrophorus in the following way. 
Generate electricity on the cover of the 
Fig. 93,— a Leyden jar. electrophorus, as described in Exercise 

94 (a). Bring the cover of the electro- 
phorus in contact with the knob of the Leyden jar which stands 
on the table. Repeat this several times. The Leyden jar is 
now charged. 

Discharge the jar, which may be held in the left hand, by 
touching the knob with a finger of the right hand. You will 
receive a slight shock. 

Remember that it is dangerous to discharge a strongly 
charged jar in this manner. 

In such cases a pair of dis- 
charging tongs, like those 
shown in Fig. 94, should be 
used. 

(r) Support a dry board on 
four Strong glass tumblers, Fig. 94. -Discharging Tongs, 

which have been varnished. 

Stand on the board and so insulate yourself. Hold the Leyden 
jar in your left hand as before, and charge it from your electro- 
phorus. 1 Still holding the jar in your left hand, bring a finger 

1 If found necessary an electrical machine should be used for this experi- 
ment. 
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of yqiir right hand over the disc of an electroscope. Notice the 
divergence. You are evidently electrified. 

(d) Stftnd the Leyden jar on an insulated support. Connect 
its outer coating to the disc of an electroscope toy means of a 
ctopper wire. Bring the charged cover from your electrophorus 
in contact with the knob of your Leyden jar. Notice the diver- 
gence of the leaves of your electroscope. Remove the wire by 
the help of a rod of sealing-wax, and find out the kind of eltctri- 
ficatiofi producing the divergence. 

(c) Charge the Leyden jar by holding it by its knob in the 
left hand, and bringing the cover of the electrophorus in contact 
with the outer coating several times. Place it on an insuring 
stand, and connect its inner and outer coatings with discharging 
tongs. 

(/) Place the Leyden jar on the insulating stand again, and 
this time connect the knob with the disc of the electroscope, 
and the outer coating with the cover of the electrophorus. 
Observe the divergence of the leaves, and test the kind of 
charge in the leaves. Record the result. 

96. Distribution and Density of Electric Charge. 

(a) Charge, by means of an elertrophorous or electrical 
machine, the different shaped metal conductors which you 
have insulated, either by supporting on an insulating stand 
or by hanging from your retort stand by dry silk ribbons. 
Proceed to examine the distribution of the charge by means of 
your proof plane. Bring the proof plane into contact with any 
part of the conductor, and quickly transfer it to the disc of 
the electroscope. Notice, by means of an insulated paper scale 
placed inside the electroscope (Fig. 96), the amount of the 
divergence of the leaves. Discharge the electroscope. Then 
toueji another part of the metal conductor, repeating the process 
-h the way round the conductor. | 

(i>) Map the results obtained in the previous Exercise. Draw 
the outline of the conductor, and round it {.nice a dotted line* 



122 EXERCISES IN PRACTICAL PHYSICS. 


arranging the line at a distance from the figure of the conductor 
proportional to the amount of divergence obtained in the leaves 

^ of the electroscope, after it 

\ has been touched by the 
/ proof plane which has been 
previously in contact with 

the ( orresponding part of the 
Fig. 95. — Distribution of He«'tric: rnn( l«i t tni y\, r oc 

on a cylindrical conductor. 1 onutK 101. r>Ct I ig. 95 ' 

This dotted line indi- 
cates roughly the amount of the electric charge upon unit 
area of the surface of the- conductor, and this is known 
as the Electric Density of the charged conductor. 

(r) Bend a thistle-headed tube twice at right angles as shown 
in Pig. 96. Pass the end of the tube through a hole in an india- 



Fie. 96. — Soap-hnSbU* experiment (after Hadley). 


rubber stopper, which fits in one end of a tube filled with 
lumps of calcium chloride Another tube is passed through a 
stopper in the other end of the calcium chloride tube, and to the 
free end of the tube is fixed a piece of india-rubber tubing 
provided -with a clip. The calcium chloride tube itself is coated 
with paraffin wax — painted on when melted. Connect the 
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thistle, head to the disc of your electroscope by means of a 
copper wire, and bend one end of the copper wire so that its 
pointed end is well inside the thistle head. Clamp the calcium 
- chloride tube so that the thistle heaj yis about 20 cm. above 
the table. Raise an evaporating basin containing a solution of 
Castile soap in methylated spirit up to the thistle head, open 
the clip and blow a bubble. Charge the electroscope (by means 
of a proof plane) until there is a fair divergence of the leaves. 
Now open the dip and blow down the tube and so ca^pe ■% 
bubble to increase in size. Similarly open the clip and suck air 
out of the tube and so decrease the size of the bubble. Observe 
and record the effects on the leaves. ? 

97. Electric Screening. 

(a) Make a cylinder of fine wire gauze of such a size that it.* 
will completely enclose your electroscope and stand three or four 
inches above its disc. Cover it with a piece of gauze. Connect 
the screen to the. earth by attaching a wire to it and to a gas 
pipe. Bring a strongly charged body, such as the ebonite plate 
of your electrophorus after it has befen rubbed with flannel, near 
the outside of the gauze cylinder. Notice there is no divergence 
of the leaves. * 

Make a sketch of the apparatus. Using 4- and - signs, and 
bearing in mind what you have learnt of induction, sketch the 
distribution of the electric charge and try and understand why 
there is no divergence of the leaves* 

(/->) Surround the charged body with a wire, gauze screen 
connected with the earth and examine its effect on the electro- 
scope. 

(c) Examine the effects of bringing a disc of metal held in 
the hand between a charged body and the electroscope. 
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PROPERTIES OE ELECTRIC CURRENTS. 

98. Fundamental Experiments. 

(tt) Prepare some dilute sulphuric acid containing one part 
:>f strong acid to eight parts of water. First measure out the 
water into a large beaker, and then gently pour the measured 
quantity of strong acid into the water, keeping the latter briskly 
stirred with a glass stirring rod. Having noticed the large 
amount of heat generated set the mixture on one side to cool. 

(6) Plunge a strip of ordinal y commercial zinc into a beaker 
rf cold dilute sulphuric acid prepared in this way. Notice the 
Drisk evolution of gas which take 1 * place. 

(f) Repeat the exercise, substir dug first a rod of pure zinc 
•md then a. strip o 1 copper. Obs< - /e that there is no chemical 
urtion in either case. 

(d) Place the rod of pure zinc and the strip of copper into 
he dilute acid, taking care that the two metals do not touch one 
mother. No gas is given oft" from either metal. 

Now tilt the pieces of metal towards one another until 
:hey touch outside the liquid. Observe that bubbles of gas 
rppear on the copper plate. 

(e) Take the pieces of copper and zinc in the last exercise 
:>ut of the acid, wash them under the tap, and carefully dry them 
:>n dean blotting paper. Weigh both pieces of metal and 


record their masses thus : 

Mass of rod of pure zinc, - - - grams. 

Mass of strip of copper, - - - grams. 
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Now Replace them in the dilute acid and make them touch 
outside the liquid, or connect them by a piece of copper wire, 
and allow the action which ensues to continue for ten to fifteen 
minutes. Then remove them from the acid and wash, dry and 
weigh them as before. Record your result beneath the last 
entry thus : 

After 15 minutes’ action. 


Mass of zinc rod, - - - - grams. 

Mass of copper strip, - - - - grams. 


Notice that while the mass of the zinc has diminished that of 
the c upper has remained unaltered. 

(/) Prepare a plate of amalgamated zinc by dipping a plate 
of ordinary commercial zinc into dilute sulphuric acid, and, after 
it has been acted upon for a minute or two, rub some mercury 
completely over its surface with a piece of cloth. Repeat 
Exercise 98 (c\ and observe that amalgamated zinc behaves just 
like pure zinc. 


90. Magnetic Action of Electric Current. 

(a) Into some dilute sulphuric acid contained in a beaker 
plunge a plate of amalgamated zinc and one of copper, to 
each of which a copper wire p attached by a suitable binding 
screw. 

There is no chemical action until the free cqrds of the 
wires are joined, when, as before, bubbles of gas are seen to 
collect on the copper plate. 

{f>) Procure an ordinary compass needle, and bring this up 
and try and arrange matters so that the wire of Expt. 99 (<r) 
in connection with the copper and zinc plates is parallel £0 the 
magnet and in the same vertical plane, Notice that this is 
impossible. The wire exerts a force on the needle. 

(<r) Wind a cotton-covered wire which is connected with the 
copper and zinc plates round a piece of galvanized iron, as in 
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fig, 97. Notice that the piece of iron will attract iron 
filings. 

(d) Repeat Plxpt. 99 (V), and notice that after a time the force 
which the wire exerts over the magnetic needle becomes feebler. 





Rub the copper plate with a piece of wood until all the bubbles 
of gas which had collected nave disappeared, and notice that the 
power of the wire to defle* t the magnetic needle is regained. 
(It must be remembered th it the bubbles escape fieely of their 
own accord if the copper is rough.; 

100. Voltaic Cells. 

The simplest arrangement for developing an electric 
current by means of chemical action has teen now described, 
but there are many others which are much better. They 
are all called “ voltaic” cells after the name of the physicist 
Volta, who was the first to develop an electric current by 
chemical means. 

To be of any practical value the current from the voltaic 
cell must not in a short time become much weakened, as 
in the simple device adopted in Expt. 99 {d\ as soon as 
bubbles of gas had collected over the copper plates. Some 
means have to be taken to prevent this weakening of the 



VOLTAIC CELLS. 


current by the bubbles of gas, or, as it is called, the polar- 
isation of the cell. 

Polarization is prevented in two ways : (j) by mechanical, 
(2) by chemical means. 


Daniel? s Ceil.— In most of the cells in which polariza- 
tion is prevented by chemical means there are really two 


vessels, one placed inside the other. 
The inner one is made of some 
porous kind of earthenware which 
permits a slow passage through it 
of the liquids on either side of it. 
In Daniell’s cell the outer vessel is* 
of copper and serves as the copper 
plate. This outer vessel contains a 
solution of copper sulphate (blue 
vitriol), the strength of which is 
maintained by placing some crystals 
of the same substance on a tray, 



Fig. 98. — A Daniell cell. 


which extends round the top of the inside of the copper 
vessel (Fig. 98). The inner porous pot contains dilute 
sulphuric acid into which dips a rod of amalgamated 


zinc. 


(a) Examine the parts of a- Daniell cell. Connect covered 
copper wires to the binding screws — one connected with the 
outer copper vessel, the other with the rod of zinc. To charge 
the cell proceed as follows : Fill the inner vessel with dilute 
sulphuric acid, and then three parts fill the outer vessel with 
copper sulphate solution. 

Bunsen's \ and Grove's Cells. The only difference between 
these two kinds of voltaic cells is that, whereas, in the 
former a piece of hard carbon replaces the copper plate, 
in the latter there is a plate of platinum. Owing to the 
cheapness of the carbon, Bunsen’s cell is the'; most com- 
monly used. ; * 

In Bunsen’s cell there are two earthenware Vessels, the 
inner smaller one alone is porous and is filled, With strong 
nitric acid, into which the piece of carbon ^ips. The 
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outer vessel contain^ dilute sulphuric acid, and in it is 
placed the zinc plate, which is usually made cylindrical in 
shape- The arrangement of the 
parts is easily understood by a 
reference to Fig. 99. 

{it) Examine a Bunsen cell. Fit up 
and charge it, and, in the same way as 
before, satisfy vOurself that an electric 
current is circulating. Also notice 
that a small spark occurs when the ends 
of the twowires from the carbon and zinc 
poles are suddenly brought together or 
separated. The current flows from the 
carbon to the zinc outside the cell. 

(V) A. convenient cell for use in the laboratoiv may be made 
as follows : 1 

To one end of a piece of hoop iron, 4 inches by 1 inch, 
solder one end of a piece of cotton-covered c opper wire. 
Scrape the cotton covering off another piece of copper wire, 
and bind the bare wire firmly in six or eight turns round 
the end of a piece of electric light carbon 4 inches long. 
Fix the carbon and iron together with string, keeping them 
from actual contact by small pieces of wood or cork. Insert 
the carbon and iron into a strong solution of ferric chloride 
in a small wide-mouthed glass bottle. 

When the cell is not required for sending a current the 
iron and carbon should be removed from the ferric chloride 
solution. 



101. Direction in which a Magnetic Needle is 
deflected by the Electric Current. 

{a} Using whichever kind of cell is most convenient, proceed 
to study the action of an electric current upon a compass needle 
placed in the magnetic meridian. Stretch a piece of covered 

1 From tlu) syllabus of the course of Practical Physics at the Royal 
College of Science, South Kensington. 
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copper wire, about a yard long-, between two universal joints, 
and arrange it in the magnetic meridian. Call one end A, the 
other B. To each end of this wire attach binding screws of the 
pattern shown in Fig. too. Put an ordinary compass needle 
under the wire, and let the needle come to rest ; it will of course, 
in the circumstances, be parallel to the wire. Connect the wires 
from a single voltaic cell with the binding 
screws. Notice and record the direction in 
which the marked end of the magnetic 
needle is deflected. Disconnect the wires 
from the batter}', and rearrange them so Fig. «». - a binding 
that the wire from the zinc plate of the 3l ' rcV " 

battery is now in connection with the end of the supported wire 
to which the other plate was before connected. Observe that 
the marked end of the needle is now deflected in the opposite 
direction. 

(b) Repeat the exercise, this time arranging the magnetic 
needle above the support. Notice and record the way in which 
the needle is deflected. Connect the wires in the second way 
described in the last experiment, and again observe and record 
the direction fn which the needle is deflected. 

Make a table of the results, and observe that in each case the 
rule known as that of A mph'e holds true, viz. : 

That if you imagine yourself to be swimming in and with 
the electric current, and facing the magnetic needle, then 
the marked end of the needle is always deflected to your 
left hand. 



DlRirnON IK WHICH 


Direction of Deflection 

CtiRKHNT FLOW'D ALONG i 

Position or Needle. 

OH MARKIi) END OF NkF.DLF 

WIRE // /), 


VIEWED FROM ABOVE. 

Example — 



From A to B 

below 

to left. 


(c) Place the compass needles in the magnetic meridian as 
P.P. 11. I 
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before, and connect the terminals of your cell with the copper 
wire, Observe and record the direction in which the north end 
of the needle moves for the four following cases with the wire 
vertical : (i.) near north end and current running down, (ii.) near 
north end and current running up, (iii.) near south end and 
current running down, (iv.) near south end and current running 
up. Remember that the current flows from the carbon or copper 
outside the cell. 

(d), Support the compass needle on a piece of cardboard, 
held horizontally in a clamp ; now' bend the ware through which 

the current was passed in 
the previous exercises, so 
that the needle can be 
arranged in the loop of 
wire formed (Fig. iot\ 
Arrange the loop of wire 
and the needle in the 
magnetic meridian, pass 
the electric current, and 
notice the amount' of de- 
flection of the needle. 

(c) Now cod the Wire so that there are two lengths above 
and below the needle, and repeat the previous experiment. The 
deflection of the needle is gi eater than before. This experiment 
illustrates the principle of construction of the Galvatwscope. 



Fig. tot,*— Principle of the galvanoscope. 


102. Magnetic Field due to a Current. 

(a) Place the wire vertical which in the previous experiments 
was arranged in the magnetic meridian. Hold a compass 
needle at the side of the wire and then proceed to move it 
slowly round the wire. Change the connections of the wire with 
the battery and try again. Record your observations. » 

The needle always tends to set itself at right angles to 
the line joining its centre to the nearest part of the wire. 

4 If a very strong current — say that from six quart Bunsen 
cells— is available, perform the following experiment : 
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[b) Before connecting the vertical wire in the last experiment 
with the poles of the battery, thread on it a fairly large piece of 
cardboard through vhich a hole has been punched. Connect 
up the battery. Fix the card horizontally by means of a wooden 
universal joint, and sprinkle iron filings upon it. Gently tap the 
card and observe ami sketch the arrangement of the filings in 
the neighbourhood of the wire. 

Each filing bt haves in a precisely similar manner to the 
magnetic needle In Exercise 102 (a). 


103. Solenoids. 

(a) Make a spiral 01 helix in the following manner : Hold, with 
the thumb of the left hand, the end of a piece of covered copper 
wire securely in front of a 
piece of glass tubing (or an 
old card-board tube will do) 
three-quarters of an inch in 
diameter. With the right 
hand wind the wire round 
the tube, bending it to the 
right and winding upwards. 

Bring the ends of the wire 
towards the centre of the 
spiral and bend them down 
so that the terminal pieces 
are vertical. Now take two 
pill boxes, one larger than 
the other, and glue the 
smaller in the middle of the 
other, SO that the larger Fir., vox.— Experiments with solenoid, 
box contains two concentric 

compartments Pour a little mercury into each compartment 
and dtp the ends of the wires from a Bunsen’s cell (tWo if 
necessary) into the mercury, one ware in the outside compart- 
.ment and the other in the inner. Hang the spiral by means of 
threads (Fig, 102) in such a way that its vertical tfermihals dip 
into the mercury, one terminal in each compartment 
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(&) Examine how the spiral, round which a current is now 
circulating, behaves towards a magnet. Bring a bar magnet 
near the coil Observe that the coil turn to face the pole of 
' the magnet and approaches it. Reverse the magnet. The coil 
is repelled, turns round, and then approaches again. Notice 
the direction in which the current circulates and record the 
results you observe with both poles of the magnet. 

• Notice and record that the roil sets with its plane perpen- 
dicular to the meridian when only acted upon by the earth’s 
magnetism. 

((') By the aid of a magnetic needle * how that the helix 
behaves just like a bar magnet, one end acting as a marked 
pole, the other as an unmarked pole. 

The polarity of the coil is so related to the direction oi 
the curtent that on looking at the end which behaves as a 
south pole, the current circulates in the same way as the 
hands of a natch. 

(if) Remembering that the current outside the liquid begins at 
the carbon pole of a Bunsen cell, follow its direction round tlu 

helix and satisfy yourself of the 
truth of the above statement, 
Make a sketch in your note 
book, mark the direction of the 
cun cut with arrows, and place 
the letter S for the unmarked 
end of the* helix and N at th< 
other end (Big. 103). This drawing will record your result. 

(e) Cover about four inches of a narrow glass tube of con- 
venient length with covered copper wire wrap] ted round it as in 
making a spiral. Support the glass tube horizontally, and place 
a sewing needle just in one end of the tube. Now send a 
current from two or three Bunsen cells connected in series. 1 
Observe that the needle slides into the tube, -and perhaps oul 
at the other end. 

p That is to say, with the carlx>n of one cell connected to the zinc of tht 
Next ; one end of the wire round the glass tuV>e is connected with the fret 
*Nbon plate, and the other end to the free zinc plate.} 



Fn;. 104.-— The rmult *>f 
I'.xciciMf iut (./). 
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104. Attraction and Repulsion of Currents. 

(a) Bend a piece of covered copper wire into a rectangle as 
shown in Fig. 104 with the ends bent down vertically. Hang it 
by means of thread so that the 
vertical ends dip into the two 
compartments of the pill box con- 
taining mercury. Take a second 
wire the middle part of which is 
straight. Connect one end with 
the carbon pole of two or three 
Bunsen ( ells arranged iu series and 
the other end with the mercury in 
the outer compartment. The zinc 
pole of the battery is connected 
with the mercury in the inner 
compartment. Hold the middle- 
straight part in the hand and biing 
it towards one long side of the 
rectangle in such a manner that 
the wires which approach one 
another are parallel. Notice and . 

r of • irrents. 

record the result. 

Reverse the straight part of the wire s o that the end originally 
beneath is now uppermost, and again notice and record the result. 

You will learn that 

(i.) Two parallel currents flowing in the same direction 
attract one another. 

(ii.) Two parallel currents flowing in opposite directions 
repel one another. 

(b) Make an open helix of elastic copper wire. Hang it 
vertically. Let the lower end just dip into a small cup of 
mercury which is in connection with one pole of a battery. 
Connect the other end of the wue with the other pole. Observe 
the vibration of the wire, Fiom the results obtained in Ex. 104 (a) 
try to account for this vibration. 1 

p Very springy wire must be used, and the experiment is assisted by 
inserting j. cylindrical bar magnet or & core of soft iron into the helix.] 
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106, Motion of a Conductor convoying a current 
in the Magnetic Field. 

(d) Place a shallow flat-bottomed dish containing mercury 
on the fk>le of a bar magnet. Connect wires to the terminals of 
a Bunsen cell and dip the ends into the mercury. Notice the 
stream nf mercury which sets in between the wires. Make the 
motion of the mercury more evident by dusting a little powdered 
chalk on the surface of the mercury. Change the connections 
with the battery, also the pole of the magnet, and deduce the 
general relation between the direction of motion, the direction 
of the current, and the lines of magnetic force, Ex. 102 (b). 


CHAPTER XV. 

ELECTRICAL MEASUREMENTS. 

For accurate el ctrical measurements, a sensitive gal- 
vanometer is returned, blit instructive results may be 
obtained by means of a simple instrument which can be 
constructed as folio >s : 

106. Construction of a Galvanometer. 

(a) Obtain an empty cardboard box of the size in which 
quarter plates are sold for {Photography. Glue the inside of the 
rim of the cover, and then fit the cover upon the box. When the 
glue has dried, the cover w H be firmly fixed upon the box, if it 
is a well-fitting one. Wind around this box lengthways* about 
four yards of silk-covered < )pper wire, size No. 20 or No. 22, 
taking care that the coils dt not overlap one another. Bring, 
the two ends of the wire to at e end of the box, and cut them off 
about two inches from the coils. Paint the coils with shellac 
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varnish, so as to stiffen them and make them adhere to the box. 
When the varnish is dry cut round the box at a distance of about 
of an inch from each side of the coils. You will thus obtain a 
rectangular frame, upon which several coils of wire arc wound, 
a„ shown in Fig. 105. Obtain a block of wood about 4 -inch 
thick, having a bieadth and width slightly greater than the 
length of the coil. Fix upon the top face of the block a card- 
board circle g raduated into degrees, so that the zero of the circle 
is in a line with the middle of one of the top edges. At the 
centre of the circle fix a needle upright, and point upwards. 
The point of the needle should be at a height above the circle 
equal to half the shortest distance across the rectangular frame 



Fig. 105.— A simple gah anometer. 


carrying the coils of wire. Make a hole at the centre of one of 
the long sides of the frame, and then place the coil upon the 
graduated circle, so that the needle passes through the hole. 
By means of two narrow strips of brass or zinc fix the frame 
upon the block, so that its length is at right angles to the zero 
line of the graduated circle. Scrape the silk off the two ends of 
the coils, bend the wires over one edge of the block, and wind 
them round binding-screws fixed into the wood, as shown in the 
illustration. Obtain a well- magnetized compass needle, not 
much longer than the width of the coils, and fix at right angles 
to it, with a small piece of wax, a light pointer made of aluminium 
wire, or glass tube drawn out to a thin thread. The wire or 
glass should be slightly curved downwards from the needle, and 
of such a Jength that the ends are directly over the degree 
marks on the graduated circle. 
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To use this galvanometer, the block is turned until the coil is 
parallel to the compass needle, and therefore in the magnetic 
meridian. One end of the pointer should then be directly over 
the zero mark on the circle. If it is slightly on one side of that 
position, the block should be turned until the pointer is at the 
zero mark, or allowance should be made for the difference when 
making observations with the galvanoscope. To keep the block 
firm in the adjusted position, it is advisable to fix three short 
nails in the bottom, so that the points project very slightly, and 
can be pressed into the table or bench upon which the galvano- 
meter rests. A glass evaporating basin with upright sides may 
be placed over the instrument to protect it from draughts. The 
sensitiveness of the galvanometer may be reduced by placing a 
long magnet in a line with the coil, and with its TV pole pointing 
north. 


107. Experiments with a Galvanometer. 

(a) Connect the binding screws of the galvanometer, arranged 
with its needle and coil in the magnetic meridian, in succession 
to the poles of (i.) simple cell of Exercise 99 (a); (ii.) a DanielFs 
cell ; (iii.) a Bunsen’s cell. Notice and record the amount of de- 
flection of the pointer in each case using, if necessary, a magnet 
to diminish the deflection in the manner already described. 

Set the galvanometer east and west and repeat the experi- 
ment. Record and try to explain the result 

(b) Fasten the two ends of the wires from the galvanometer 
arranged as in Exercise 107 (a) to two different metal plates, e.g. 
zinc and copper. Dip the metals successively into different 
liquids contained in beakers, such as dilute acids, salt solutions, 
and alkalies. Notice and record the amount of deflection. 
Vary the metals and repeat. 

(c) Noticing the general direction of the deflection of the 
pointer in each of the experiments, deduce by the aid of 
Ampere’s rule the direction in which the current flows in each 
case. Record the results. 

(d) Bring a bar magnet near to the galvanometer, and 
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observe the effects on the amount of deflection of varying its 
distance from the instrument when a current is passing. 

108. The Mirror Galvanometer. 

(a) Examine a mirror galvanometer, and compare its parts 
and accessories with Figs. 106 to 108. B is a wooden base sup- 
posing a pillar 1 \ bored with a small hole passing along its 



Fig. 106,- A .simple mirror galmnometcr. 


axis. A* is a reel with flanges and a central hole, having a small 
recess on one face and a plug to fit it. A round piece" of glass 
for a window fits into the recess already mentioned. A brass 
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rod r supports a directing magnet A/, which is fitted into a cork 
C, or may slide, by means of a hole through it, up ancMown 
the rod The magnetic n&edle is 
4* 4* attached to the badk of the mirror n 

R r ^ ^ It has a damper of aluminium foil, 

and is suspended by a fibre of taw silk 
S, are binding screws in connection 
with the ends the coils of wire. 
The parts of the stale, lamp, and 
lens are easily understood fi om the 
illustrations 

{&) See that the muroi swings freely 
Within its hole when the instrument 

F 1k 707 -pins of a minor * s ma 8 ncti c meridian Set the 

KalvdnomeiLr scale up a metre ana}, and see that 

the centre of the scale is opposite to, 
and parallel with, the minor Raise the gahanometer or scale 
until the image of die lamp flame, at the back of the scale, falls 




r 108 — Scak law and lens for use with mirror galvanometer 


on the s^afe Focus, iy means of the lens, Until a distinct 
image of the wire (Fig tiS) is seen on the scale. By moving the 
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directing ma;net, bring the image of the wire to the middle of 
the scale. The apparatus is now ready for use and can be 
employed for Tie followingpexperiments. 

109. Electrical Resistance. 

(a) Connect ^mc pole of .a Bunsen’s cell with one of the 
binding screws of your galvanometer. Join the other binding 
screw of the galvanometer and the other pole of the battery with 
a yard of fine t arman-silver wire. Notice the amount of de- 
flection of the f ainter. Substitute a yard of thinner German- 
silver wire for the first piece, and again notice the deflection. 
It will be much less. 

Similarly compare the electrical resistance of pieces of thick 
and thin coppei wire. 

(/;) Solder, or tightly twist at the extreme ends, two pieces 
of baie German-silver wire of different thicknesses and lengths 
together, and by means of a suitable binding screw fix the 
joined ends of the wires to your working table or to a board . 1 
Connect the binding screws to a Daniell’s cell. Attach long 
covered wires to the galvanometer, and with the free ends of 
these wires touch the ( ierman-silver wires in different points. 
When one free end is in contact anywhere with one of 
the German-silver wires, you can find a point on the other 
similar wire on touching which- with the free end of the other 
galvanometer wire there is no deflection of the galvanometer 
pointer. 

(c) Having arranged things as in the last Exercise, move one 
of the points of contact. A deflection is obtained. 

Again find the position where there is no deflection, and 
measure the lengths of wire on each side of the points of contac t 
of the galvanometer wires. . Prove that the ratio of these pans 
into which the two German-silver wires are divided arc equal 

Since the electrical resistance of a ware in a eases with its 
length, the ratios just obtained are also the ratio of the 

1 Caution ! The wires should not touch each other except at their 
extreme ends. 
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electrical resistances of the parts into which the wires are 
divided. This is the principle of the Wheats ttyk’ Bridge. 

(d) In the arrangement of apparatus tfisfed last exercise 

interchange the connections, Le> join the Hires from the gal- 
vanometer to the binding screws, and the wife* from the battery 
to the German-silver wires. This makes rip difference to the 
‘result. 

The resistance which the liquid of a cell offers to the 
passage of the current may be observed as follows, but a 
galvanometer having a single thick coil ora strip of copper 
is required for the experiment. 

(c) Pierce the axis of an ordinary cork with the supporting 
wire of the copper plate of a simple voltaic cell, and mount the 
zinc plate on a cork in a similar manner. Bore two transverse 
holes through both corks on opposite sides of the axis, and of 
sufficient size to admit lengths of glass rod. Support the two 
corks on two parallel pieces of glass rod resting across the top 
of a large beaker in such a manner that the distance apart of the 
plates can be readily varied. Fill the beaker with veiy dilute 
sulphuric add, and connect the plates to a galvanometer having 
a thick coil by means of copper wires. Place the plates dose 
together and observe the deflection. Separate them gradually 
and observe how the deflection diminishes, showing that the 
resistance of the cell is increased when the length of the liquid 
column between the two plates is increased. 

Now remove some of the acid by means of a pipette, so as to 
reduce the cross-section of the liquid column. Notice how the 
deflection diminishes as the liquid gets kwer and lower. 


110* The Passage of the Electric Current through 
Liquids. 

(a) Fit up a Bunsen’s cell for the generation of an electric 
current. Attach pieces of platinum foil, by means of suitable 
binding screws* to the ends of two copper wires. Attach one of 
these wires to one pole of the battery. Connect the other pole 
to one of the binding screws of a simple galvanoscope, and to 
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the other screw of the galvanoscope attach the remaining wire 
with the platinum plate on the end. Dip the platinum plates — 

(i) into some mercury* ?nd notice there is a great deflection of 
the needle of the galvanoscope and no alteration of the mercury ; 

(ii) into some turpentine, and notice there is no deflection of the 
needle ; (iii) into some acidulated water, and notice mere is a 
smaller deflection than in the first case, and at the* same time 
there are bubbles of gas given off from both plat num plates. 

Passage of the Current through Mercu? v. The great 
deflection of t lie needle of the galvanosccpe reveals the 
fact that n considerable current passes tlm ugh its coil of 
wire ; hence mercury is a good conductor >f the electric 
current, or expressing the same truth in other words, it 
offers very little resistance to the flow of the current. 

Passage of the Current through \ Turf>cnt$N& There is in 
this case no deflection of the needle of the . dvanoscope ; 
it is therefore evident that no current passe* through the 
coil of wire roCtnd the needle, and since the battery is 
arranged precisely as in the previous experment with the 
mercury, the explanation must be that the turpentine pre- 
vents the flow of the electric current round the circuit. 
Turpentine is consequently known as a non-conductor, a 
class of bodies which also includes such liquids as petroleum 
and other oils. 

Passage of the Current through Acidulated IVatcr. In this 
case the current is conducted hnd the liquid decomposed 
by the passage of the current. This is the condition of 
things in all liquid compounds which conduct the electric 
current. Such a decomposition is known as electrolysis. 

Potential and Electromotive Force. 

Difference of Potential or Electro-motive Force . A wire 
connecting the poles of a Bunsen or other cell is said to 
have an electric current flowing along it. 

The use of such* words as “How” and “ current ” will 
probably suggest previous facts which the student has 
learnt. It has been seen that a flow of heat takes place 
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from a body of high temperature to ane of low temperature 
when they are placed in contact, and that such flow con- 
tinues until both bodies are of the same temperature. 

Similarly, there is a flow of water from one vessel to 
another, which are in connection, if the level of the water in 
one vessel h higher than in the other. Hence we are face 
to face with .he question, What difference is there between 
the poles of a cell which causes the condition of things called 
the electric f irrent ? The name given to the difference of 
condition in ihe plates of the battery which corresponds to 
temperature and water-level is potential. The electric 
current cotnmues to flow along the copper wire until the 
potential of the two plates becomes the same ; then it ceases. 

The clerical condition of the plates becomes altered by 
placing them in the liquids of the cell, but the final state is 
different in the two cases. The carbon or other + plate is 
at a higher potential than the zinc plate, and, consequently, 
when the plates are joined outside the liquid by a copper 
wire there a flow of the electric current from the carbon to 
the zinc. J he difference of potential which causes the flow 
is maintained by the solution of the zinc in the acid. Or, 
speaking in terms of energy, the work of maintaining the 
current is performed by the solution of the zinc. This is 
similar to the maintenance of the work done by a steam- 
engine by the burning of the coal in the furnace. It was 
for this reason that you found the zinc decreased in mass in 
Ex. 9 8 (e), after the electric current had flowed for some time 
along the joined wires. 

It is customary to give the name electro-motive force 
to the difference of potential which exists between the 
plates of an electric battery. Bui though the term electro- 
motive force is used to speak of this difference of potential, 
it is not a force in the sense that the word was used in the 
Exercises of Part I. A force is that which causes motion 
in matter, but an electro-motive force results only in a 
motion of electricity, which is not matter at all. 

Fall of Potential along a Wire traversed by an electric 
current Referring again to Expt. 109 (b\ where the poles of 



OHM’S!, LAW. 


m 


the battery are eonxiected with the ends of the Qer man- silver 
wires, as you know, the currant starts from the carbon pole 
of the battery and eventually "lows along the German-silver 
wires back to the zinc plate of the battery. There is a 
gradual fall of the electric level or potential all along both 
wires. When the copper wires Tom the galvanometer are 
connected with different parts of the German-silver wires 
the result, noticed in the deflection, or otherwise, of the spot 
of light, depends entirely upon t>e potential at the points 
of contact. A current always flews from a place of high 
potential to a place of low potent A if these are connected 
by a conductor. When there is n > deflection of the needle, 
or of the spot of light, it means :hat the places of contact 
are at the same potential. 

111. Relation between Current, Resistance, and 
Electromotive Force. 

Ohm's Law. The relation between the difference of 
potential or electro- motive force, the resistance, of the 
conductor, and the current traversing it was first dearly 
stated by G. S. Ohm in 1827. The relation which this 
physicist established and which is known after him may be 
stated thus:- 

The current passing alo?ig a conductor varies directly as 
the electro-motive force or difference of potential between its 
m ends and inversely as the resistance of the conductor. 

The greater the difference of potential the greater is the 
current ; the less the resistance the more current will there 
be, or what is the same thing, the greater the resistance the 
less the 1 urrent. 

It is usual to represent the current by C, the difference of 
potential by E , and the resistance by and tO express 
Ohm’s law as a simple equation 



(a) Procure two known high resistances, one marked too 
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Ohms 1 and the other 200 Dims, and connect them, one at a 
time, in series with the mirror galvanometer and a Daniell’s cell. 
The copper wires should not be long, and the deflection 2 in the 
second case will be found to be about half that of the first. 

(b) Connect the two remi ttances in series and so ofttain a 
total resistance of 300 Ohr^s— again notice the deflection. 

An electric current is thus shown to diminish with an 
increase of resistance, and increase with a diminution of 
resistance. 

(c) Connect in series a known resistance of say 1000 Ohms, 
a Daniell’s cell, and ytw mirror galvanometer. Notice and 
record the amount of deflection. It may be necessary to raise 
the directing magnet. Kow substitute two cells connected 
in series, that 0 , as in Expt. 103 (e). The deflection is about 
twice as great. 

The current ia thus shown to increase with a greater electro- 
motive force. 


112, Wheatstone’s Bridge. 

(a) Examine a Wheatstone’s budge and compare iv, parts 
with Fig. 109. 

D C B ^ .4 F G 



Fig. n>q. — Wheatstone's Fridge. 


The Theory of Wheatstone’s Bridge is very easily under- 
stood after the performance of Expt. 109 (b). The current from 

1 An Ohm is the standard of resistance and is equal to ihe resistance of a 
uniform column of mercury 106*3 cra - long and 14*4421 grins, in mass 
at o° C. " t 

‘*li a mirror galvanometer is used, ai&l is so sensitive d at with 100 Ohms 
the spot of tight is off the scale, you must lower the directing magnet till the 
light % just m the scale; then break the circuit, and by meins of the directing 
magnet adjust the spot of light to the centre of the Scale and start the 
experiment again. 
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the battery arriving at A divides ; part traverses the path 
ACB , and the remainder the alternative path ABB, Along 
both paths electrical resistance is met, and th© electro- 
motive force falls uniformly along ACB and ADB, The 
rate at which it falls depends entirely upon the resistance 
of the path. Now when C and D are joined by the wires 


C 



of the galvanometer, and there is no deflection of the needle, 
tine potentials at C and D are the same, or the resistances 
of ACB and ADB have been divided proportionately ; 
therefore • 



When there is a deflection of the needle it means that the 
potentials of C and D are not the same, and the point of 
contact of the galvanometer wire at C or at D must be 
moved in order to obtain no deflection of the galvanometer 
needle. 

(< b ) When you have made out its parts proceed to compare by 
leans of the Wheatstone’s bridge the resistanetsrof two wires. 
P.P. II, K 
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Fig. i n will «*how you how to make the necessary connections 
between the bridge, galvanometer, battery, and resistances to 
be compared. 

The bindmg screws of the galvanometer are connected by 
means of covered wires with the ends of the German-silver wire 



Fig, in.-- How the connection*. for Wheatstone’s Bridge experiments are made. 


of the Wheatstone’s bridge at E/\ or rather by the two binding 
screws nearest these points. One pole of the battery is joined 
with the binding screw between A and B in Fig. 109, and 
marked A in Fig. 11 1 : the ‘wire from the othej pole of the 
battery is free to be moved along the Gorman-silver wire. The 
two resistances to be compared are joined up between the binding 
screws #and C\ and A and A' in Fig. 109, as at /^ancl Q in Fig. m. 

• With the free wire tom h the tixed wire in the manner shown 
m the table. 

(i.) Touch at scale reading to— deflection left (say). 

5> j? 9° - >' light. 

(ii.) „ „ 20— „ left. 

„ „ 80 „ right. 

Continue to gradually ‘pinch- in* towards the correct point. 
You will finally get, say 

Scale reading 40 — deflection left, 
jj | » 5° ~ » right, 

The correct poinAV^ust be somewhere between these. Proceed 
more carefully i^i Aiirnilar manner, say 1 cm. at a time, 41, 49 ; 
42, 48 ; 43, 47' "ffin so on until there is no deflection in either 
direction on touching the fixed wire with the free one. 
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MEASUREMENT OF RESISTANCE, 

Call the final position of wire a distance a from P * s end of the 

budge. Then, Resistance of P a _ 

Resistance of Q ~~ i oo - -a 

when there are ioo divisions on the scale of the bridge. 

(h) Insert two different lengths, A , i?, of wire of the same 
material and cross-set tion m the two gap**. Find the place on 
the wire of the bridge at which contact < auses no deflection of 
the galvanometer. Trove that the lengths of the parts into 
which the bridge-wire is divided are in the same proportion as 
the lengths of A and ft, measured from when, they leave the 
binding screws, and therefore of the resistances of A and H. 

Reverse the positions of A and B, and similarly again obtain , 
a balance. The ratio should be the same as before. *lf>it varies 
slight!) , as it probably will, lake the mean of the results. , £ 

{< ^ Take two wires, A and ft, of the same lengths but of 
diffetent thickness, or, , it is better 10 say, of different .sectional 
aiens, and inseit them n the gaps of the budge, as in the last 
experiment. Find the latio of then resistance^ in piecisely'thc 
same way as before. 

Now measure their diameters as in Part 1 ., and calculate 
theii sectional areas from th,e formula 


sectmnal area ~ or irr \ 

where r is the radius 01 A 2. ^ 

Re* orcl your Jesuits . 


Pam into which 
Hod^c-Wm* i*. 
divided. 

R cio of 

Rest t antes 

Section? 1 Art a. 

Invade Ratio of 
Sectional Area 

A 



♦ v 

ft * 




* c 

l 




Your measures will stow that the following relation bolds good * 
resistant' * of A __ sectional are a of B 
resistanc t>f £~~ sectional area of A 
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113. Specific Resistances of Wires. 

Not only, does the resistance of a wire depend directly 
upon its length and inversely upon its sectional area, but 
also directly upon what is known as the specific resistance of 
the material of t ie wire. By the specific resistance of any 
substance is truant the actual resistance of a cube of 
such material having a side of unit length. These three 
factors influencing the resistance of a wire can be combined 
in a simple equation, thus : 

its length x specific resistance 

The resistance of a wit;- --- — . 

sectional area 

(a) Compare the specific resistance (*) of copper and German- 
silver. 

(i.) Compare tbeir resistances by putting the copper in one 
gap of the bridge, and the German -silver in the other. 

(ii.) Measure their lengths and, after measuring the diameters, 
calculate the sectional areas. Remember that 

. - its length x specific resistance 

Resistance of a wire- 2 


sectional area 


This is true of both wires. 
German-silver wire (2), then 

7? _ lx.- A . J? 


< ill copper wire (1) and 


/jj a \ _ 

A\> /jk 2 


X (Zq 
/9K0 X G | 


or 

Kj* 

and { 2 , and a - ] are all know from the experiment, 
F, l x a t 

and so the ratio of the specific resis arices is also known. 

{b) Similarly compare specific' resistances of (i.) iron and 
copper, (ii.) brass and German-silver. 
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(L. U., London University; L.C.C., London County Council Intermediate 
Nnolaiship Examination; J.O., Junior Oxford Local; J.C.# Jun'cr 
Cambridge Local.) 

Heat. 

1. Mix equal quantities of ice and salt, and ascertain the 
lowest temperature reached. Use the mixture to freeze water. 

(I.C.C 1898.) 

2. Determine the boiling point of the given liquid. 

(L.C.C. 1898.) 

3. Determine the boiling point of water and deduce the 
pressure of the atmosphere, being given — 

Boiling point of water**’ 99° when barometer reads 733 mm. 

>» ” 100 ,, „ ,, 

,, v ~IOI 9f ,, 787 » 

(L.C.C. 1897.) 

4. Determine the mating point of the given substance. 

(L.C.C. 1897.) 

5. Pour some hot water into the given vessel, and note the 

temperature every minute as it cools, keeping the water well 
stirred. Draw the curve of cooling on a sheet of squared paper, 
and compare the rates of cooling at the tempefatures 65", 55 0 , 
45 P - (L.C.C. 1897.) 

6. * Arrange an experiment to prove that a blackened metallic 
surface is a better radiator than a bright metallic surface. 

(L.C.C. 1898.) 

7. Determine the relative thermal conductivities of the three 
wires sutmlied. 
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8. Find the change of volume which a piece of 'paraffin wax 
experiences in melting. 

9. Fill the given vessel nearly full with boiling water, and 
take the temperature every minute as it cools. Compare the 
rates of cooling at 8o\ 6o°, 46 . After the experiment weigh the 
vessel and water, and the vessel alone. Being gi ven the specific 
heat of the material of the \essel, calculate approximately the 
loss of heat per minute at each of the above temperatures. 

, . (L.C.C 1899.) 

10. Find the specific heat of a given metal. 

n. Given the specific heat of a certain piece of metal, find 
that of paraffin oil. (Int. Sci. Hons. L.U. 1896.) 

12 . Find the latent heat of water. (Int. Sci. Hons. L.II. 1896.) 

13. Determine the melt ng point of paraffin wax. 

(int. Sci. Hons. LG. 1896.) 

14. Determine the expansion of water between two tempera- 
tures, by weighing in it a solid of given expansion. 

(Int. Sci. Hons. L.D. 1895.) 

1 5. Determine the latent heat of vaporisation of water. 

16. Find the expansion of water between the temperature of 

the room and 8o°C. (B.Sc. Pass. L.U. 1895.) 

17. Determine the specific heat of > given body by the method 
of mixture. 

iS. Determine coefficient of expan ion of paraffin oil. 

19. Weigh out some water into a flask, heat the flask on wire 

gauze over a Bunsen burner, and by no icing the rise of tempera- 
ture in a given time calculate the amount of heat absorbed per 
minute; then boil the water, and dedu e a value for the latent 
heat of steam. (J.C. Local, 1898.) 

20. Raise some water to the temper;.. ure 25°C. and dissolve 

in it such a quantity of salt that a litiv of the solution would 
contain 250 grams of the salt. Then determine the temperature 
at which the solution begins to boil (J.O. Local, 1898.) 

21. Being given that the specific heat of copper ”'095, deter- 
mine the specific heat of the given liquid. (L.C.C. 1898.) 

22. You are given a calorimeter containing a certain quantity 
of water ; pass dry $team into the water until the temperature 
rises about 20°. Observe the initial and final temperatures of 
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the water, and determine the mass of the steam condensed* 
Deduce the water equivalent of the calorimeter and its contents* 
being given that the latent heat of steam —536 units. 

(L.C.C. 1898.) 

* 23. Determine the quantity of water contained in the given 
bottle when the temperature is 20°, and also when the tempem* 
ture is 6o°. Deduce the mean coefficient of apparent expansion 
of water between 20° and 6o°. (L.CX. 18971) 

24. Determine the latent heat of fusion of ice. (L.C.C* 1890 ) 

25. Determine the expansion of air at constant pressure Ixl 
tween two temperatures, by observing the movement; of ai 
mercury index along a uniform fine bore tube open at one end. r 

(Int. Sci. Hons. L.U* 1896 .( 

26. Determine the coefficient of expansion of air. 

(L.C.C. i 899 .| 

27. Given the specific heat of copper =*095, determine the 
water equivalent of the given calorimeter and its contents. f 

(L.C.C. i899|f 

Light. 

r. Determine the position of the centre of curvature of the/ 
given concave mirror by arranging the object in such a position) 
that the image formed is real, inverted, and of the same size. / \ 

(L.C.C* 1 ml 

2. Determine the position of the virtual image of a cri/dlj 
seen by reflection from a plane mirror by ; using the given toil 
verging lens to give a real image of the virtual image* I $ 

(L.C.C. ®9< 

3. Arrange an experiment to show that a ray of light vac):?' 

incident upon one face of a glass cube and after refracticm f|» s 
upon an adjacent face, is totally reflected at that face, 
provided with a glass cube, pins and paper. (L.C.Ci ifp*) 

4. Determine the index of refraction of the glass of thl 

prism by some simple method. (L.C.C ifo&) 

5. Determine the focal lengths of the two given temcj the 
one converging and the other diverging (of greater / pp er )* 
Afterwards arrange the lenses to illustrate the Galilean t^hicope. 

ILXX1&&) 



EXERCISES IN PRACTICAL PHYSICS. 


6 . Use the given concave ru irror to obtain an image of a 

distant object, and place the given small plane mirror in such a 
position that the reflected rays fall upon it, and the image can 
be viewed without placing the head in front of the concave 
mirror, (L.C.C. 1807.,) 

7. You are ’ mcided with a large glass cube and some pins, 

‘paper, etc. Determine b> some simple method the index of 
•efractiou of the glass. (L.C.C. 1897.) 

8 Prove by experiment that when light is refracted by passing 
th/nugh a prism the angles of incidence and emergence are equal 
when the prism is placed in the position of minimum dc/iation. 
^ on are provided with pins, paper, etc. (JL.C.C 1897.) 

0. Determine the radius of curvature of each face of the given 
concave lens. (Ld\C. 1897A 

10. Determine the focal lengths of the two given < onverging 
lenses. Afterwards place them in contact, and determine the 

Vfo<aJ length of the combination. (L.C.C. 1897.) 

1 1 1. Determine the refractive index of the glass of a given lens 

w measuring the curvatures of the factn with a spherometer and 
Comparing these with the focal length. 

\ lot. Sri. Hons. L. IJ. 1897.) 

\ 12, Find the refractive index of n block of glass by the use of 
Ins, a drawing-board and a rule. (Int. Sci. f^ons. L.U.) 

ill 3. Find the refractive index of a prism of glas»s by the use of 
(In, a drawing-board and a rule. (Int. Sci. Hons. L.U.) 

1 l. Plot a curve, showing the relation between the distances 
4 een two convex lenses, and the distance from one of the 
‘? 4 .s (/the image formed by the lenses, of a distant object, 

I (Int. Sci. Hons. L.U.) 

\ Find the curvature of the faces of the given concave lens, 
w* Plot as a curve the relation between the respective 
disltces, as found by observation, of an object and its image 
boti ,, given convex lens. (B.Sc. Pass, L.U.) 

?iven two needles on stands and a concave mirror. 
Arrake the needles so that the point of the one needle is 
coin client with the real image of the other. Deduce the focal 
tengtti of the mirror from the measurement of the relative 
positieix of the mirror and needles. (L.C.C. 1899.) 
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18. Given a cube of glass with a straight edge attached to one 
face, pins and paper. Viewing the straight edge through the 
opposite face of the cube, trace the course of the refracted rays 
for different directions of vision. Deduce the index of refraction. 

(L.C.C. 1899*) 

19. Given prism, pins and paper. Prove that in all c&f ses 
where a ray of light traverses a prism entering at one f$tce, 
passing through the prism and emerging at ah adjacent face, 
the deviation is towards the thick part of the prism. 

(L.C.C. 1897.) 

20. Given a converging and a diverging lens and an optical 
bench, show that a diverging lens can render a convergent beam 
of light less convergent, parallel or divergent. - (L.C.C. 1899.) 

2t. Find the fo< al length of the given diverging lens. 

(L.C.C. 1899.) 


Sound. 

1. Compare the velocity of sound through air and coal gas. 

(Int. Sei. Hons. L.U. 1895.) 

2. Find, by u£ing a tuning fork of known pitch, the density of 
the wire stretched on the monochord. 

3. Find the velocity of sound in a tube by resonances, using 

the first and second resounding lengths. Correct your results 
to air at o°. (B.Sc. Pass, L.U. 1895.) 

4. Determine the ratio of the radii of two steel wires from the 

frequencies of their vibrations under known loads, given a tuning 
fork. (B.Sc. Pass, L.U. 1895.) 

3. ( iiven a sonometer and a rod clamped at one end, find the 
relation between the length and frequency of the transverse 
vibrations of the rod. (B.Sc. Pass, L.U. 1895.) 

6. Determine the velocity of sound in a given rod by Kundt’s 
method. 


Magnetism. 

1. Given a pair of bar* magnets, magnetize the two given 
similar pieces of steel by different methods and compare the 
pole strengths. , (L.C.G.) 
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2. You are given two long thin magnets of the same length, 

compare their pole strengths (i) by the method of deflection, 
(2) by the method of vibration. (L.C.C. 1897.) 

3. Determine the magnetic meridian, as accurately as you 
can, with the declination compass. 

4. Map the magnetic field in the neighbourhood of a bar 
magnet placed with its axis in the magnetic meridian, the south- 
peeking pole being towards the north. From your result mark 
as nearly as possible the position where a compass needle would 
have no tondem y u> set in any particular direction. (L.C.C. 1897.) 

5. Make a determination of the magnetic dip at a given place 

in the laboratory. *(B.Sc. Pass, L.IJ.) 

6. Determine the magnetic axis of the given magnetized iron 
disc. 

7. Find the moment of the given magnet. 

8. Place the given bar magnet so that its length makes an 

angle of 45 0 with the magnetic meridian. Map the magnetic 
field in the neighbourhood of the magnet by means of a compass 
needle. (L.C.C', f 899.) 

9. Determine the magnetic dip or inclination. 

10. Given two pieces of steel of the same dimensions, 
magnetize one by means of the given bar magnet, and the other 
by means of the electric euiicnt. Compare their pole strengths. 

(L.C.C. 1899.) 

11. Ascertain if the ghen bar magnet is magnetized so that 
the magnetic axis is parallel tu the line joining the centres of 
the end faces. 


Electricity. 

1. Compare the resistances of the two given coils of wire. 

(L.C.C. 1898.) 

2. To the ends of the given battery join a divided circuit, con- 

sisting of (1) the two coils A and B joined in series; (2) the 
stretched wire one metre long. Determine by experiment the 
point of the wire which is at the same potential as the junction 
of A and B, (L.C.C. 1898.) 

3. Perform Faraday’s ice pail experiment. State clearly what 

you deduce from the experiment. (L.C.C. 1898.) 
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4. Find the specific resistance of the given substance. 

5. Determine the 'difference between the resistances of the 
two givetf coils. 

6. Given two coils A and B . Measure their resistances (1) 
separately, (2) arranged in series, (3) arranged in parallel. 

(L.C.C 1899.) 

7. Given two wires of different materials. Determine the 

ratio of the resistances of two wires of these materials, if the 
lengths and section are alike. {L.C.C. 1899.) 

8. Map with iron filings the magnetic field in the neighbour- 
hood of a coil of wire whose plane is vertical when a current 
passes through the coil. Make use of the given bar magnet to 
determine the direction of the current through the coil. 

(L.C.C. 1899.) 

9. Given a Daniell cell (E.M.F. ~i.i volts). Determine the 

E.M.F. between the two given terminals connected to a hidden 
battery. (L.C.C. 1 899. ) 

’ o. In electrification by rubbing demonstrate the equal pro- 
duction of positive and negative electrification. (L.C.C. 1897.) 



TABLES OF PHYSICAL UNITS AND 
VALUES* 

Equivalents of Metric Weights and Measures in 
terms of Imperial Units. 

Metric to Imperial. 

Linear Measure : 

i millimetre (mm.) ([Aid m.) 
l centimetre m.)- 

i decimetre ( iV m.) .... 

1 metre (m) 

i dukamctic 1 10 m.) .... 

I hectometre (100 m. ) 
l kilometre (1000 m.l ..... 

Square Measure : 
l square centimetre 

l Square decimetre (kx square centi- 
metres) - - - - 

i square metre (loo square decimetres) 

Cubic Measure : 

I cubic centimetre - - 

I cubic decimetre (c.d.) (lxo cubic centi- 
metres) 

I cubic metre (1000 cubic decimetres) 

* Chiefly compiled from ‘ ‘ Smithsonian Physical Tables," prepared by 
Prof. Thomas Gray, and published by the Smithsonian Institution,. 
Washington, 1896. 


0-03937 inch. 
o*3937 » 

3-937 inches. 
39 37 inches. 
3 '28 feet. 

1 *09 yards. 
10936 yards. 
109-36 „ 

0*62 mile. 


— o’ 1 55 square inch. 

- 15*50 square inches. 
__ f 1076 square feet. 

” 1 1- 1 9 square yards. 

=s. 0*06 cubic inch. 




61 of cubic inches, 
3531 cubic ieet. 
1*31 cubic yards. 
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- “ 0-070 gill. 

- — 0*176 pint 

- - l*76pi&ts. 

Avoirdupois. 

- ~ 0*015 £ ra m* 

- “ OIS 4 „ 

- i -543 grains. 

* ■= 15 * 43 "' « 

-- 5*644 drams. 

* 3*527 ox. 

) 2 *20 lb. or 
(15432 356 grains. 

Troy. 

( 0*032 01. troy. 

1*5*43 grains. 

Apothecaries. 

^0*257 drachm. 

? o*77 t scruple. 

1 15*43 g‘ ains ’ 

Equivalents of Imperial Weights and Measures in 
terms of Metric Units. 

Imperial to Mktkh 

Linear Measure : 

1 inch ------ M 

1 foot (12 inches) - - - - 

1 yard (3 feet) ~ 

Square Measure : 

1 square inch ■= 

I square foot (144 square inches) - - =- 

l square yard (9 square feet) - - -• 

Cubic Measure: < 

1 cubic inch - - — 

1 cubic foot (1728 cubic inches) - =* 

1 cubic yard (27 cubic feet) - - = 

Measures of Capacity: 

1 gill ' ~ 

I pint (4 gills) = 

1 quart (2 pints) 

1 gallon (4 quarts) : = 


25*4 millimetres. 

0*30 metre. 

0*914 metre. 

6*45 sf h centimetres. 
9-29 sq. decimetres. 
0*836 square metre. 

16*387 cub. centimetres. 
0*028 cub. metre. 

0*764 cub. metre. 

1 '42 decilitres. 

0*568 litre. 

1*136 litre* 

4*546 litreUt 


Measure of Capacity: 

1 centilitre (1 litre) 

1 decilitre (yfr litre) 

1 litre .... 

Mass : 

milligram ( n>W grm.) 
centigram (| ( W grm.) - 
decigram (t 17 grm.) 

; gramme (1 grm.) - 
dekagram (lOgrm. ) 
hectogram ( 100 grm. ) - 

1 kilogram (1000 grins. ) - 

1 gram (1 grm.) 


I gram (1 grm.) 
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Afnrthecari.es Measure : 

i minim 

i fluid scruple 

I fluid drachm (60 minims) • 

* fluid ounce (8 drachms) 

I pint 

1 gallon (8 pinto or 160 fluid ounces) - 

Avoirdupois Weight : 

i grain 

, l dram ------ 

i ounce (16 drams) - 
1 pound (16 ounce or 7000 grains) 

Troy Weight : 

I grain ------ 

r pennyweight (24 grains) - 
1 troy ounce (20 pennyweights) 

Apothecaries Weight : 

\i grain - - 

1 scruple {20 grains) - 
t drachm (3 scruples) - 
1 ounce (8 drachms) - 


— 0*059 millilitre. 

= 1**84 millilitres. 

= 3'552 

= 2 ’84 1 centilitres. 

— 0*568 litre. 

= 4*546 litres. 

~ 0*065 gram. 

- 1*77 grams. 

- 28-35 >. 

= - 0 ’4C36 kilogram. 

— 0 065 gram. 

= 1*55 grams. 

* 31*10 ,, 

-• 0*065 gram. 

1 296 grams. 

- 3*888 ,, 

= 31*10 ,, 


Mensuration. 


ir = 3’ | 4 I 59- 
2ir = 6 28318. 

ir* = 9 8696. 


i-.0-3.s3. 

\’Tr= l 7724. 
Lengths. 


Circumference of circle of radius r 

,, ,, ,, diameter d - 


ellipse with semi -axes a and b 


- 27 TJ \ 


--- ird. 



Areas. 

Triangle, base b, perpendicular h 

Rectangle, sides b, h 
Parallelogram, base b 1 perpendicular h 
Circle, radius r - 


= bh 
~ 2 * 
=*bh. 
~bh. 
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Circle, diameter d j 

Ellipse, semi-axes a , b 
Surface of cube, edge a 
Surface of sphere, radius r - 
Curved surface of right cylinder, r radius, height h * 2 irrh. 

Total surface of right cylinder ,, ,, - 2 Ttr\r + h). 

Curved surface of right cone, r lading, h altitude, 1 — ms. 

s slant height, J — rrs! 7 ^+/kK 

Total surface of right cone ~rr(.H- r). 


~T' 

- = nab. 
a» 6a 9 . 

- - 4 irr 8 . 


Volumes. 

Cube, edge a 

Rectangular parallelopiped, edges a. b, r 
Pyramid, area of 'base a, altitude k 

Cone, with circular base, radius r, altitude h 

Cylinder or prism, area of base a, altitude h 
Sphere, radius r ----- 


zzahr. 

„ a & 

“ 3 . 

TT t^h 

3 

- ah , 


Density, or Mass per Unit Volume. 

Common Solids, 


Substance. 

Mass of 

1 Cubic Ckkti- 

Mass of 
x Cubic Foot 


MKTkli IN GkAAIS. 

in Lbs. 

Anthracite, - 

i ’4-1 -8 

87-112 

Asbestos, - 

2‘0—2 '8 

125-175 

Beeswax, .... 

0 ‘96-0 -97 

60- 6 1 

Bone, ----- 

I 7-2*0 

.to6~I2<; 

Borax, ----- 

1 7-1 8 

106-1 12 

Brass, • 

8*2-87 

5”-542 

Bronze, - 

8 74-8 '89 

545-555 

Brick, 

2 ‘0-2 '2 

125-1 37 

Butter, ; 

0-86-0-87 

53 - 54 

Caoutchouc, - 

o“ 92 -o ‘99 

57-62 

Cement (Loose), - 

1*15-17 

72-105 

*. (Set), - - - 

Chalk, 

27-3*0 

168- X87 

1*9-2 *8 

118-175 

Charcoal (Oak), 

°*57 

35 

,, (Pine), - - 

0 ‘28-0 ’44 

17*5-27*5 
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SUBKTANCK. 


Clay, 

Coke, - 
Elxmite, 

Emery, 

Felspai , 

Flint, - 

Gas Carbon, - 
Ge»*mn n Sil ver. 
Class (Common), 
„ (Flint), 
Glue, 

Granite, 

Graphite, 

Gravel, 

Gum Arabic, 

Ice, 

Ivory, ■ 

Leather (Dry), 
Limestone, - 
Magnetite, 
Marble, 
Meerschaum, 
Mica, - 
Pajrer, - 
Paraffin, 

Pitch, - 
Porcelain, 

Pumice Stone* 
Quartz, - 
Resin, - . r 

Rock Crystal, 
Rock Salt, r 
Sal Ammoniac, 
Sand (Dry), - 
Sandstone, 

Slag (Furnace), 
Slate, - 
Starch, - 
Sugar, - 
Talc, * 

Tallow, 

Tile, - 


Common Solids. 



MAIkS of 

I Conic CfCNTr- 
MF.TKit, in Grams. 

Mass of 

1 Cubic Foot 
in Lbs. 


i -8-2*8 

122-162 

- 

i -o-i*7 

62-105 


i i 5 

72 

" 

4*0 

2 50 


2*53-2*58 

I 58 -161 

- 

263 

164 


i*88 

I 19 

. 

8 * 30 - 8*77 

5 * 8-547 

* 

2 *4-2 *8 

2 * 9 - 4 '5 

ICG-175 

150-280 

- 

i *27 

80 


2 *5-3*0 

156-187 

- 

1 *9-2 3 

120-140 


1 *2-1 *8 

94-112 

- 

1 ‘ 3-1 '4 

80-85 


0*88-0*91 

53 ~ 5 ? 


1*83-1 *92 

1 1 4-1 20 

- 

o*86 

54 

- 

2*46-2*80 

154-178 


4 * 9 - 5 ‘2 

306-324 

- 

2-5-- ■* 

157-177 


•99 -1 _'S 

! 61*8-79*9 

- 

2*6-3 2 ! 

165-200 


07-1*15 i 

44-72 


0*87-0*91 

54-57 


1*07 j 

f 67 

' 

2 * 3-2 *5 

143 “I 56 

- 

0*37-0*9 

23-56 


2 65 

165 

- 

1 *07 

67 

- 

2*6 | 

162 

- 

2*28-241 

142-150 


1 5-1 *6 

94-100 

• 

1*40-1*65 

87-103 


2*2-2 *5 

137-156 

- 1 

2 * 5 - 3 *o 

156-187 

- \ 

2 *6-2 7 

162-168 

- ; 

I ’53 

95 


1*61 

100 


27 

168 

* I 

0*91-0*97 

570-605 

.. i 

i 

i 

1 *4-2 *3 

87-143 
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A/e/a/s. 


SutIKTANCF,. 


| Mass of j Mass ok 
j i Cubic Crntt- j x Cubic Foot 
| metric in Grams. { in Lbs. 


Aluminium, 
Copper, 
Gold, - 
Iron. 

Lead, - 
Magnesium. 
Meicury, 
Nickel, 
Platinum, 
Silver, - 
Tin, - 
Zinc, 


2*56-2 *8o 
8*80-8*95 
19*26-19*34 
7*03-7*90 
1 1 *OG~ I I *36 

109-175 
13-596 
S'JO-S'pO 
21 -20-21 70 
10*40-10*57 
6*97-7*30 
7*04-7*19 


160-17J 

549-55* 

1202-1207 

439-493 

686-709 

105-IQQ 

M 

517-555 

1 322- r 354 
649-659 
435~455 
439-449 


Liquids. 



Mass of 

Mass of 

Si HSTANC 1-. 

1 Cl. 1UC C'KNTI- 

1 Cubic Foo 


JIKTRE IN GKAMS. 

in Lbs, 

Alcohol (Kthvl), - 

0791 

494 

„ (Methyl), - 

o*8io 

50'S 

,, ( Proof Spirit), - 

0916 

57*2 

Benzine, 

0*899 

56*1 

Carbolic: Acid (Crude), - 

0*950-0*965 

59*2-60*2 

Carbon Bisulphide, - - . 

1 293 

80*6 

iCtlier, ----- 

0*736 

45*9 

Glycerine, - 

r *260 

78*6 

Naptha (Wood), 

o 1 848-0*8 10 

52*9-50*5 

Oil, Camphor, 

0*910 

56*8 

,, Castor, - 

0*969 

60*5 

,, Linseed, 

0*942 

58*8 

,, Mineral, 

0*900-0*925 

56-Z-577 

*, 1 Olive, - 

0*918 

S7 - 3 

,» Turpentine, - 

0-873 

54 '* 

Petroleum, - 

0-87^ 

54 '8 

Sea Water, * 

1-025 

64 O 

Water, ----- 

1 *000 

62*4 


P.P. II. 
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Woods . 


Substance. 

Mars of j 

1 Cubic C'knti- ; 

MKTKE TN (iKAMS. ^ 

Mass of 

1 Cubic Poor 
in Lbs. 

Alder, 

0*42-0*68 

26-42 

Apple, 

0*66-0*84 


Ash, 

0*65-0*85 

40-53 

Beach, - - - - 

070-0*90 

43-56 

Birch, - 

0*510*77 

32-48 

Box, » 

0*95-1*16 

59-72 

Cedar, 

0*49-0*57 

30-35 

Cherry, 

0700*90 ; 

43«f56 

Cork, 

0*22-0*26 

M-*6 

Ebony, > • - 

ru-133 

69-83 

Elm, 

0*54-0*60 

34-37 

Hazel, 

0*60-0*80 

37- 49 

Laburnum, - 

0*92 

57 

Lignum Vitae, 

1*17-1*33 

73-83 

Lime, 

0*32-0*59 

20-37 

Mahogany (Spanish), 

0*85 

53 

Maple, - 

0*62-075 

39-47 

Oak, | 

0*60-0*90 

37-56 

Pear, r 

0*61-0*73 

38-45 

Plum, 

0*66-0*78 

41-49 

Poplar, - 

0*35-0*5 

22-31 

Satin wood, » 

0’95 

'59 

Sycamore, V 

0*40-0*60 

24-37 

Teak, 

0*66-0*98 

41-61 

Walnut, .... 

0*64-070 

40-43 

Willow, .... 

0*40-0 *6o 

24-37 


1 cubic foot of air at o° C. and under a pressure of 1 atmosphere 
weighs *0807 lb. 

1 cubic foot of hydrogen at o c ’ C, and under a pressure of 1 atmo- 
sphere weighs *00557 lb. 
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Acceleration due to Gravity. 


Latitude. 

Increase ok Velocity per Second due to the Karth's 
Attraction. 


979*3 cm. 

385 "5 »D- 

32*1 ft. 

40 

980*1 

385 ’9 

321 

50 

981*0 

386-2 

32*2 

60 

981-9 

386-6 

32*2 


Length of Seconds Pendulum. 


1 1 itujk 

| Cr.N IIMKTKr.8. 

__ I 

Inches. 

! 


99*2 

1 391 

40 

99*3 

; 39* 1 

5° 

99 4 

39*i 

60 

I 99 5 

39*2 


Pressure. 

A standard atmosphere is the pressure of a vertical column of pure 
mercury, having a height of 760 mm. and temperature o° C. under 
standard gravity at latitude 45° and at sea level. 

1 standard atmosphere - 1033 grams per sq. cm. 

“ 147 lbs, pei sq. in. 

--2126 lbs. per sq. ft, 

Pressur ■* of mercurial column 1 inch high 

= 34 *5 grams per sq. cm. 

-0*491 lbs. per sq. in. 

A column of water 2*3 ft. high corresponds . to a pressure of 1 lb. per 
square inch. ■ 
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Imperial Standard Wire Gauge. 



[ Diameter. j 

| Arpa op Cross Section. 

DESCRIPTIVE 









Nijmheh. 

1 

Inches. ! 

Centimetres. 

SQC \RE 
Inches. 

Square 
Centime ikes 

14 

'080 

■203 

•0050 

•0324 

t6 

'064 

! *162 

0032 

*0207 

i8 

•048 

*121 

•0018 

•ori6 

20 

*036 

■091 

*OOIO 

•0065 

„ 22 

'028 

*071 

1 *0006 

*0039 

24 

*022 

•°55 

1 ’0004 

*0024 

26 

*Ol8 

*045 

■00025 

*0016 

27 

*Ol6 

■041 j 

*00021 

i *00114 

28 

■015 

'037 

'00017 

j 001 11 

30 

*012 

031 

*000)2 

j ’00078 

32 

*OII 

! 'O27 

•00009 

*00059 

34 

*OOQ 

1 '02 3 

*00007 

| 00043 

36 

*008 

019 

•00004 

! *00029 

38 

006 

•015 

■00003 

1 *00018 

40 

*005 

*012 

■00002 

’000)2 

1 4 ^' 


Angles. 

T second ("). 

60"— i minute (1'). 

3600" - do' - 1 device f). 

324000'' - 5400'-.: 90' a right angle. 

I 296000" ~ 21 600' -360' -4 right angles - 1 rotation. 



The Tangent of an Angle. 

If anv angle he drawn, such as the acute 
angle BA C in Fig. 112, and a per pen 
dicular is dropped from the point B to the 
base A(\ then the ratio 

perpendicular BC 

base A C A 

is known in trigonometry as the tangent of 
the angle BAC. 

The following table shows the value of 
this ratio for every degree up to 90°. 
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Table of Tangents. 


«Angle. 

Tangent. 

• Angle. 

Tangent, 

Angle. 

Tangent. 

0 ° 

1 

0 

■0175 


*6009 

6j° 

1*804 

2 

*0349 

32 

■6249 

62 

i *88o 

3 

0524 

33 

•6494 

63 

* : 1 *962 

4 

0699 

34 

•6745 

64 

2*050 

5 

•0875 

35 

*7002 

65 

2*144 

6 

1051 

36 

•7265 

66 

2*246 

7 

1228 

37 

•7536 

67 

2*355 

8 

••405 

38 

•7813. 

68 

2-475 

9 

•1584 

39 

‘8098 

69 

2*605 

10 

•1763 

40 

•8391 

70 

2-747 

ii 

•1944 

41 

•S693 

71 

2*904 

12 

■2126 

42 

•9004 

72 

3*077 

*3 

•2309 

43 

■9325 

73 

3-270 

14 

*2493 

44 

•96.57 

74 

3 "487 

15 

*2679 

45 

I ’OOO 

76 

3732 

16 

•2867 

49 . 

l '° 3 S 

76 

4-010 

17 

•3057 

47 

1*072 

77 

4-331 

18 

•3249 

48 

nio 

78 

4704 

19 

'3443 

49 

1150 

79 

5 ’I 44 

20 ,,;<j 

fit- *364° 

50 

1*191 

80 

5-671 

; 

21 

•3839 

5 J 

1*234 

Sr 

6 ' 3 I 3 

• 22 4i 

’4040 

52 | 

1 -279 

82 

7115 

23 

*4245 

53 

1*327 

&3 

8-144 

2 4 

•4452 

54 

1*376 

84 

9 - 5 I 4 

U 

*4663 

56 

1*428 

85 

11 '43 

26 

■4877 


1 *482 

86 

I 4-30 

27 

*5095 

57 

J '539 

87 

19*08 

28 

•5317 

5 * 

1*600 

88 

28*63 

29 * 

*5543 

59 

1*664 

89 

57 ‘29 

80 

‘5774 

< 

80 

1732 

$0 

00 
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Melting Points and Latent Heats of Fusion. 


1 Meltii - Point, 

Latent Heat. 

Ice, - 





o°C. 

79 2 

Beeswax, - 

- 

- 

- 

. 

618 

4**3 

Spermaceti, 

* 

- 

* 


43 ]9 

36*9 


Boiling Points and Latent Heat -? of Vaporization. 


• 

Boilip * Point. 

| Latent Heat. 

Steam, 

ioo" C. 

53^ 

Alcohol, I 

78 

205 

Carbon Bisulphide, - 

47 

84 

Benzene, - 

81 

929 

Turpentine, * - 

59 

74 

Sulphuric Acid,- 

53» 


Hydrochloric Acid, - - 

Nitric Acid, 

j 10 

; 86 


Glycerine, 

[ 200 

— 

Ether, 

j 35 

90*4 


Coefficients of Linear Expansion of Solids. 


Aluminium, 

Brass, 

Copper, - 
Glass (Tube), - 
Iron, 

Lead, 

Platinum, 

Silver, 

Slate, 

Zinc, 


RXI'ANSION 

Pfk Deguee C. 

‘000022 

'000019 

000017 

•000008 

•000012 

•000027 

•000009 

*000019 

*000010 

•000029 


Coefficients of Cubical Expansion of Liquids. 


Alcohol, - - - - *00109 

Benzene, *00138 

Carbon Bisulphide, • - - ’00147 

Ether, * - - - - *0021? 
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Glycerine,' 

. 

*00053 

Mercury, - 


•00018 

Olive Oil, * 

- 

*00068 

Petroleum,.*; 1 * 

. 

*00099 

Sulphuric. AcjM, 

- 

•00049 

Turpentine;* * - 

- 

*00105 


Coefficients of Expansion of Gases. 


IpjCRKAsr. or Inorkasf. of 

Pressure at I Volume at , 
Constant Volume. Constant PrfsSlht*. 


Hydrogen, * 

Air, 

Carbon Dioxide, 


•00367 I *00366 
•00366 I *00367 
•00369 ! 00371 


• Specific Heats. 


Sou os. 


Aluminium, 

Antimony, 

. 


*3122 

">486 

Beeswax, 

- 


■04 

Brass, 



'0939 

Gas G*al, ■ 


- 

‘3145 

Graphic, 

- 


* 1 604 

Copper, 

- 

- 

•0933 

Glass, blown, 


- 

•l6l 

Gold, Flint, 



* 1 X 7 

Graphite, - 

- 

- 

1604 

Iron. - 


* 

irs4 

Lead, 

* 


*0315 

Magnesium, 

• 


•245 

Marble, - 

- 

- 

•2158 

Nickel, 



1 09c 

Paraffin, - - 

- 

- 

-622 

Platinum, 

- 


*0323 

Silver, 

- 

- 

*0559 

Steel, 

- 

- 

•1 18 

Sulphur, - • 


- 

*234 

Vulcanite, 

- 

* 

‘3312 

Zinc, - 

- 

- 

*° 9 iS 



Temp. 
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Liquids. 


Alcohol, 

- 

. 

- 

•615 

Benzene, 

. 


- 

•423 

Ether, 


- 


*517 

Glycerine, - 

- 

- 

- 

'376 

Mercury, * 




■033 

Olive Oil, - 



- 

■471 

Petroleum, 




511 

Turpentine, 

- 



•467 


Velocity of Sound. 


S I' I STANCE. 


Aluminium, 

Brass, - 

Copper, 

Iron, 

Platinum, 

Silver, 

Marble, 
Slate, - 
Glass, * 
Ivory, - 


I Ml-'TRhs PEK 

Si- CONI'. 

j 

- I 5104 

- I .55°° 

- I .5 “160 

S'3« 

2690 

2610 

3810 

4510 

- | 5000-6000 

-• I 3013 


Ash, along the fibre, 
,, across the rings, 
,, along the rings, 
Oak, 

Pine, - 
Poplar, 


i 4 7fr' 

| I39< 

126c 

! 3«5‘-> 


1 


3320 

4280 


Alo ihof, 
Turpentine, 
Water, - 


1:64 

1212 

**37 


U 

‘o 


/Air, - - 

Carbon Dioxid^, - 
J Ammonia, 

■ Hydrogen, 
Illuminating Gas, - 
Oxygen, 


13* 

262 


4iS 

1286 

490 

317 


Fee r i*fk 
Second. 


10740 
1 1480 
11670 
1682J 
88 1 5 
B553 

12500 

14800 

16410-19690 

9886 

IS3IO 

4570 

4140 

12620 

10900 

14050 

4148 

3977 

4714 

1090 

853 

1361 

4221 

1609 

1041 
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‘ V 

Vibration Frequencies of Musical Notes. 



c i 

D | E 

F 1 

! 0 

A • 

B j C 


<A>> 

<*>) j (Mi) 

(/■•«)] 

! 

(So!) 

(/•*) 

<SV) J(W) 

i 

Number of complete 
vibrations per second 
(middle octave), • 

256 

1 

! 

288 \ 320 

340 

384! 

428 

1 

1 

1 

j 480 *12 

Ratio of vibration num- 
bers, 

: 

j 

I 

I 

? 5 

! 4 1 

3 i 

! 

: 5 


! 

8 ; 4 

, 1 

i ^ ; 

2“ 

1 3 

8 i 


Indices of Refraction Relative to Air. 


Solids . 

Diamond, - 

- 2 ’42 

Flint Glass, 

• 1 '62 

Rock Salt, 

* i'54 

Crown Glass, .... 

1 ’53 

Fluor Spar, .... 

- 143 

Ice, 

i* 3 * 

Liquid*. 

Carbon Bisulphide, - 

• 1*63 

Benzene; 

1*40 

Olive Oil, .... 

- 1*47 

Glycerine, .... 

Turpentine, - 

- **47 

- 1*46 

Sulphuric Acid, 

- 142 

Alcohol, “ 

136 

Waler, * 

• *’33 
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Magnetic Declination and Dip (1880). 



1 Declination 



| W. ok 

NortU. 

Dip. 

Aberdeen, - 

- - 20° 

1 6' 

7i° 12' 

Dundee, 

20 

44 

70 52 

Edinburgh, 

20 

47 

70 38 

Glasgow, - 

21 

12 

70 45 

Newcastle, - 

19 

3 ° 

t>9 50 

Carlisle, 

20 

26 

69 54 

Leeds, 

19 

9 

69 u 

Manchester, 

it) 

17 

69 4 

Dublin, 

21 

4 i 

69 16 

Bangor, 

21 

44 

70 I 

Nottingham, 

18 

45 

68 38 

Birmingham, 

18 

44 

68 21 

Cork, 

22 

18 

68 46 

Oxford, 

18 

34 

67 58 

London, 

17 

41 

67 5 !' 

Dover, 

16 

57 

67 8 

Exeter, 

19 

29 ! 

67 26 

Falmouth, - 

18 

3 

66 39 


Electrical Resistances of Wires. 




— 

' 1 

! 

! 

RksISTANO’ AT f)° ('. j 

Resistance, at o° C. 


: OK A WjKF I CM. UiN'C, , 

OF A WlKK I METRE LONE 

i 

r&iQ. cm. isr Six. uoN. 

| t MM. IN III AMI i I K. 

! 

Silver, annealed, 

1*46x10 u ohms. 

o-o 1 86 ohms. 

,, hard drawn. - i 

E 58 

0*0202 

Copper, annealed, - - ( 

,, hard drawn, 

1 

0-020 2 

1*61 

0-020 6 

Platinum, * - - 

9-03 ; 

0*1150 

Iron, - - - - i 

9-69 

0*1234 

Nickel, - - - - j 

1^-43 

0-1583 

German Silver, - - ! 

20*89 

0-266 

Mercury, - - - - j 

94*07 

1-198 


A cdhttnn of pure mercury 106*3 centimetres in lengh, and I sq. 
^millimetre in cross-section, has a resistance of i ohm at o w C 



INDEX. 

[The numbers refer to /ages . } 


Absolute zero, 35. 

Absorption, 20; at different sur- 
faces, 21 ; of light, 70 ; selective 
absorption oflight, 71. 

A mare's rule, 129. 

Amplitude, 73, 

Angle, of dip, 100. 

Atmosphere, absorption oflight by, 
72 - 

Attraction, magnetic, 87-9; elec- 
trical, 109 ; of currents, 133. 1 

Boiling point, determination of, to. j 

Buchanan, magnetometer of, 102. j 

Caloiimeter, 42; water equivalent ! 

, of, 42. 

Capacity for heat, 39. 

Cells, voltaic, 126; Daniel) ’s, 127; 
Bunsen’s and drove’s, 127 ; ferric 
chloride, ,128. 

Charges, equal and opposite, iit ; 
free, 1 16; bound, 117; distribu- 
tion and density of electric, m, j 

Coefficient of expansion, of liquid, 

31 ; of a gas, 31.; of gas at con- | 
stant pressure, 34 ; of gas at j 
constant volume, 36. j 


Components, of earth s magnetism, 
105; horizontal, 105; determina- 
tion of, 1 06. 

Conduction, electric, ’14. 

Conductors, and insulators, 113; 
hollow, 117. 

Conduv tivity, of metals, j 6; of 
liquid.-,, 20. 

Cooling, rate of, 22 . 

Currents, properties of electric, 124* 
r34 ; magnetic action of electric, 
123, 128; attraction and repulsion 
of, 133 , passage of electric 
currents through liquids, 140. 

Curvaturp, radiu r of, 55, 

Declination, magnetic, 92 ; chart 
of, 93 ; c 4 magnetic needle by 
electric current, 128. 

Density, of water and ice, 13; of 
electric charges, 121 ; electric, 
122 

Deviation, minimum, 63, 68. 

Ditetometer, 30* 

Dip, magnetic, 98-101 ; needle, 99; 
angle of, 100. 

Dispersion, by A prism, 67 ; increase 
of, 67 ; power of, 68. 
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[The numbers refer to pages,] 


Distribution, of electric charges, 121, 
122 ; on cylindrical conductor, 122. 

Dropping plate, experiment with, 75. 

. Dust figures, 85 

Fxiser, apparatus for conduction, r8. 

.Electrification, development and 
tests of, 108-114; ilevel opnient 
by friction, 108; two kinds of, 
109; first law of, 110;. negative 
and positive, no; free, 116. 

Electro- motive force, 141, 143; rela- 
tion 1 jetween c urreut, etc. .and, 1 4 3. 

Electrophorous, construction of, 
1 19 ; diagram of, 119. 

Electroscope, const! action and use 
of, 111-113; gold leaf, 112; 
Buchanan’s, 112; charging by 
induction, 117. 

Expansion, of solids, 24 ; coefficient 
of linear, 1 of liquids, 26 ; real 
and apparent, 27; coefficient ol 
cubical, 27. 

Field, magnetic, due to electric 
current, 130; motion of conductor 
conveying current in, 134. 

Focal length, of mirrors, c ;s , of 
lenses, 63 ; indirect method for 
finding, 64 ; of concave lens, 66. 

Focus, principal, of mirror, 55, 58 , 
conjugate, 57, 

force, lines of magnetic, 9698; 
total magnetic,^ ,105. 

Galvanometer, construction of, 134 ; 
experiments with, 136; mirror, 
137 * 

Galvanoscopf, 130. 

Glass, absorption of light by col- 
oured, 70. 


Hadley, dipping needle of, 99. 

Image, formed by plane mirror, 53 ; 
relation of, to object, 65, 

Induction, magnetic, 95; magnetiz- 
ing by, aoi ; electric, 115-17 , 
charging electroscope by, 1 17, 

Insulators and conductor^, 113. 

Inverse squares, law of, 50. 

Iodine vapour, absorption of light 
by, 71. 

j K limit, 84. 

Latent heat, of fusion, 46 ; of vapor- 
isation, 47. 

Lenses, concave and convex,, 63; 
local length of concave, 60 . 

Leyden jar, construction and use 
of, 120; experiments with, 12*. 

I igbi composite nature of, 67; 
refraction of, 57 ; intensity and 
reflection of, 50. 

1 .odestone, 87. 

Magnetism, first law of, 89 ; in- 
duced, 95 ; distribution of, in a 
bar magnet. 106, ' r 

Magnetometer, construction of. 10a; 
deflection, 103; Vibiation, 105. 

Magnets, properties of, 87-101 ; 
natural? 87 ; artificial, 88 ; result 
of breaking, 94 ; exploring, 98 ; 
directing, 138. * 

Map, magnetic, 93, 108. # 

Measurements, magnetic, 102 ; elec- 
trical, 134. ; 

Melting: determination of, 9. 

Mer0/jfc passage of electric current 
ti)«fcgh, i 4 r 
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Meridian, magnetic, 90 ; accurate 
determination of, 91 ; simple 
method of determining, 92. 

Microscope, 66, 

Mirror, plane, 53; concave, 54; 
convex, 57. 

Moment, magnetic, 102; determin- 
ation of, 103-105. 

Monochord, construction of, 75; 
experiments with, 76. 

Nitrogen compounds, absorption of 
light by, 71. 

Nodes. 80, 83. 

Object, relation ot image to, 65 

Ohm’s t iiv, 143. 

Oscihuuon.4, 107. 

Pendulum, pith-bali, no. 

Photometry, 50. 

Pinching-in, 146. 

Pm methods, inflection, 52; refrac- 
tion, 59, 62. 

Polarization, 127. 

Poles, geographical, 92: magnetic 
88, 92. 

Potential, 141 ; fall of, 142. 

Proof plane, 112. 

Radiation, 20 ; at .different surfaces, 

2T. 

Radius of curvature, 55. 

Recomposition of light, 68, 

Reflection, laws of, 52 ; angle of, 52. 

Refraction, at one plane surface, 58 ; 
at two plane surfaces, 59 , laws 
of, 60; index of, 60; additional 
experiments on, 61 ; by a prism, 
62 ; by lenses, 63. 


Repulsion, magnet*, 87-9 ; only 
sure test ot m p/netuation, 89 ; 
electrical, ic, , of currents, 
133 - 

Resistance, electrical, 139 ; of a ceil, 
140; relation between current, 
etc., and, 143 ; varies with length, 
147; varies wrth sectk w&l >rea, 
'147; specific, 3,48; equ'uon - 
pressing, 148 ; measuremytU of 
j specific, 148. 

I Rumford, photometer, 51. 

i 

I 

j Soap-bubble, Hadley’s experiment 

j With, T22. 

Saits, effect of, in altering freez- 
ing and boiling points of water, 

Screening, rlectu-, 123. 

Screw, binding, 129. 

Solenoids, 131 ; experiments with, 
132 ; direction of current round, 
132. 

Sonometer, constrtiction of, 75. 

Sound, 73-86; the result of vibration, 
73 ; velocity of, 81. 

Specific heat, 42 ; of solids, 44 ; of 
liquids, as. 

Spectroscope, 6 q. 

Spectrum, 67; continuous and 
! bright line, 69 ; of metals, 70 ; 
j dnik lines in, 71. 

I Stand, insulating, 113. 

! Stirrups, 88. 

Tangent rule, 104 

Telescope, principle of <>6. 

Temperature, sin»Me observations, 

1 3 ; degrees of, 5. 
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Thermometer, construction of, i ; 
mode of hti r; sealing, 2; 
conversion o, scajrs 6 ; gradua- 
tion of, 7 ; gr tphic o presentation 
of readings of, 8 ; deferential *•«*, 
21 ; weight, \»t 

Tongs, disch ug lg. *ao. 

Touch, single 3 $ separate or 
divided, 89. 

Tuning fork, vib^lion <> f' 73 * 

Turpentine, pas age of electric cur- 
rent through, 41. 

Unit, ofln-at qurntity, 38. 

Variation of musical notes, with 
' mass of string, 77 ; with diameter 
of string, 7 1 - ; with tension e»f 
string, 79. 


Velocity of sound in air, 8r ; in 
carbon dioxide, H * by Kundt’s 
method. 04. 

Vibration, cause of sound, 73 ; of 
tuning fork, 73 ; determining 
vibration number of tuning fork, 
74, 79, 83 ; .j.f column of air, &r ; 
longitudinal vibration of wires, 82 ; 
longitudinal vibration of rods, 83; 
interference of, 86. 

Water, freezing point, 3; boiling 
point, 4; anomalous expansion 
of, 12; maximum density of, 
14 ; passage of electric curr« nt 
through, 141. 

Wheatstone, bridge, principle of, 
140; construction of, 1 14 ; t> *ory 
of, 145; how to make connections, 

146. 
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